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This is the last of this series to appear in the present form. The benefil of general
reviews of this type becomes obvious in the preliminary sorting of the references for
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this review. The number of papers published on cobalt chemistry each year is
reasonably consistent at around 5000; the number of papers per year in coordination
chemistry may be around 500 or 60{. As in previous years, the review does not
contain information on cluster compounds, though this also remains a favourite area
of research. Alseo, as usual, organometallic compounds are excluded. The literature
was largely searched electronically. It is inevitable that in the above process a number
of papers are left out of the review, and the author apologises in advance to those
whose papers have not been included, for whatever reason. The structure of the
review remains similar to that of previous papers in this series with the compounds
being broadly classified according to the donor atoms occupying the majority of
sites around the metal ion [1]. Various reviews have been published which are of
interest to coball coordination chemists. There is the usuzl Annual Report of the
Roval Saciety of Chemistry on inorganic mechanisms [ 2], which contains a wealth
of information on the mechanisms of reactions many of which involve cobalt.
Information on the kinetics of cation macrocycle interactions has been accumulated
[3]. The uses of pressure in the investigation of the rates of inorganic reactions in
solution have been reviewed [4.5].

1. Cobalt{lII}

1t is remarkable that the study of the reactions of cobalt(111) has held the interest
of chemists throughout this century and continues to result in papers in very large
numbers. but also, and mere importantly, of high guality and immense variety.

L1 Complexes with nitrogen donor ligands

As in previous years. the majonty of the studies of cobalt(II1} complexes have
been on those involving ligands which are nttrogen denors and within this group
there is a large number of complexes with ammine and amine ligands. A most
interesting dcvelopment in the chemistry of simple coordination compounds of
Co{11]} 1s that the complex [Co(NH,){{CH.)** (1} which is isoelectronic with the
very well-known JCo{NH,},]?~ [6] and has now been prepared as the nitrate salt
by the reaction of Co(NO,)..6H.O with methylhydrazine in 25% aqueous ammonia
at 20 'C in the presence of dioxygen. The crvstals produced from this reaction were

L, 2+

H, N,‘H(\o/ NH,
H, e ‘\NH]

NH,

(1)
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orange and were stable for some months at 4 °C over silica gel. As well as elemental
analysis, the complex was characterized using 4 variety of techniques, including
BC and **Co NMR spectroscopy. The former gave a single broad signal at § 3.2 ppm
and the latter a very broad band at é 7370 ppm. The UV-VIS spectrum measured
in 5.0 M ammonia solution had bands at ~_,, =358 nm {128) and 481 nm {50). As
might be anticipated, the spectra of the two isoelectronic species [Co{NH,;),]*~ and
[Co{NH,)(CH3)** turn out to be very similar. The NMR spectra indicate clearly
the presence of a Co € o-bond 1n the complex.

In a study of the effect of a condensed tetrabutylarmnmonium film on the reduction
of the hexaamminecobalt{IIl} ion at the water mercury interface, the reduction
process was found to be mner sphere [7]. The conclusion drawn by the authors
irom this is that the mechanism of the this process must invelve the opening of the
film to allow the cation access to the mercury. However, an outer sphere mechanism
is proposed when Br ™ is the counter ion. The effect of varying the temperature on
the conductivities of solutions containing [Co(NH;}]** and [Cofen),]* ™ ions with
SO3~ ions as counter ions shows that second as well as first ion association constants
have {0 be taken into consideration [8] to explain the data satisfactorily. The overall
mfluence of temperature is explained in terms of the effect of temperature variation
on the bulk structure of water. with the effects of hydrogen bonding being particularly
imporlant.

A kinetic study of the reduction of [Co(NH;)s{H,0]*" by L-ascorbic acid has
been shown to involve the complex [Co{NH;){OH )"~ [9]. The rate law for the
reaction was determined to be that shown in Eq. (1}. The mechanism for the reaction
for which this rate law 1s appropriate is shown in Eq. (2). The value of &k, was
determined to be 2.7 x I02dm 3 mol "'s 7! a1 25 'C.

dicomplexy  {h[H 1+ 4K, 0K [A} [complex]y}

D . 1
de HH™ + K. H[H' ]+ K5 M

Kl

K.‘
H.Am™—— HA +H'HA === A? 4+ H" (2}

K
[(NH;)sCo{ H,O)*' —— [(NH,);Co(OH)]** +H*

[(NH,}:Co(H,0)* ™ +HA —2s Co(l1} + radical
{(NH,);Co(H,0)]'~ + HA™ — Co(11) + radical
[(NH,},CotOH)P" +HA~ —“ Co(11) + radical
[(NH;)sCo{OH }J** + A" 2, Co(I1}+ radical

C0(II)+radicaIﬂ> product2 radicals —=L, product.
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The base hydrolysis of the complex [Cot NH;},C1]** has been studied in aqueous
solution containing mixed micelles (10]. The micelles used in the mixture were
sodium dedecyl sulphate {SD8} and non-iomc #-dodecylpenta{oxyethylene glycol)
monoether over 4 range of molar fractions of SDS. The rate constants were found
to decrease with increasing surfactant concentration and moelar fraction of SDS.
The mechanism of the processes involved may be summarized as in {2).

Ay ____,kb.w products
KA“ + OH,,
k'
A — == producis

w = aqueous pseudophase

M - micellar pseudophase

2)

The binding fraction of the complex cation was found to diminish with decreasing
SDS molar fraction. The effect ion pairing on the kinetics of the aquation [11,12]
and of solvent effects on the photolysis [13] of [Co(NH,);Br]** have been studied,
as  have the effects of solvent on the base hydrolysis of
[Co(tetren){O,CCH,OH-2)]** and [Coftetren){O,CC,H,OMe-2)1** [14.15]. The
kinetics of reactions between a series of metal ions, Ni{1l), Co{Il}, Fe(ll). AI{HI}
and  Fe(lll} with complexes [Co{H,ida}{NH;}]**. [Co(Hida}{ NH4),)* ",
[ColH,nta}{ NH;)s)* ™ [CotHox}{NH;):)* ™, and  [Co{Q,CCH(OH-2.(NO,-3)
(NH,};]** have been investigated [l6 19]. Thus, the complex penta-
ammine(nitriloacetato)cobalt (111} has been found reversible to form complexes
with the ions Ni(lI), Co{ll) and Cu(ll} and also complexes with AI{111} and
Fe(IlT} ions [19]. With bivalent metal ions the rate law for the process is given in
Eq. (3} where &; and &, are the formation and dissociation rate constants, respec-
tively. These, in turn. are given by the equations shown in Eq. (4). The proposed
mechanism (or the reaction is that shown in (3}). For the trivalent metal ions.
however, the processes mvolved are as shown in (4). The rate deternuning step n
the reaction 1s believed to described by the reactions in {5).

knbs:""l'[Mz‘]—k'{‘_d- {3}
_ RAHTK
U +H+k, L (4)

kg=k ([H P +k_5[H"]

The solution kinetics of the reaction of iminodiacetato{pentaammine}cobalt(111)
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and iminodiacetato(tetraammine)cobalt{ [11} with Co{1l) ion were also investigated
using stopped-flow spectrophotometry [16] at various pH values. [t was possible to
obtain the raie constants for both the formation and dissociation of the binuclear
species and these are interpreted in terms of an £, mechanism.

A photochemical  study at pH 3.2 of solutions of the complexes
[Cot NH ) (HC,O)[(CIO,), and [CofNH D ACO(CI0,) has been carricd out in
mixtures of ethylene glycol and water with incident radiation of various wavelengths
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H* + [Co{NH3)(HNTA A [Co{NH3)s(HNTA ]l]2T

M3+ —— MOH2+ + Ht

M3~ [Co(NH3)s(HNTA)* MOHZ* + [Co(NH3)s(HaNTA)2!

. /

HY + [Co@H3)(NTAMP*

|

M3t + [CoNHi)s(HoNTAE™

|

MOHZ*  [Co(NHz)s(HNTA)]"

(CofNH3)5(NTAMP™

4)

[20]. The results show that there was a significant increase in quantum yield with
increasing ethylene glycol concentration. The p-p- and ¢-o-dimers of ¢-phenylphenol
and Co{ll} have been found to be the main products of the photolysis of
[Co(NH,)sN32T in the presence of o-phenylphenol [21]. Flash photolysis shows
that N; and OPP  radicals are present as intermediates in the process.

The factors affecting the chelation of carboxylates to ¢is-diaquacobalt{II1} com-
plexes have been the subject of investigation for many years. In a recent study, the
equilibrium constants for the chelation of a number of carboxylates to cobalt{III)
complexes contaiming a varety of tetraamine ligands (6) have been studied in
different solvents [22]. As an example of the type of situation that arises, it was
found that for each of the compiexes i (6}, NMR speciroscopic data show that
the acetate forms chelates with Eqs. {1) and (2), but not with (1). where a monoden-
tate complex is formed. The reactions were found to be greatly influenced by such
featusres as the structure of the tetraamine ligand, its basicity and the nature of the
solvent. In the case of the tetraamine ligands, a significant factor was found to be
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24
(NH,);Co—0, o] M\{%

2 MIQH
(NH,),Co—0._ 0 \i}%o
\i Q/L o
H/N 2o

M3 = Fedtor At

(3

the value of the N--Co ‘N boad angle which les opposite to the O - Co-O bond
angle in the various complexes. 1n addition. there was found to be a relationship
between the facility for chelation and the reactivity of the complexes in enhancing
the hydrolysis of esters, amides, nitriles and phosphates. As part of this study, the
X-ray crystal structure of the complex [(trpn)Co(n*-O,CC(CH,);{CIO,), was also
determined, the cation of which is shown i (7).

The rate of tritium exchange from the (-2 position of the imidazele in
the complexes [Cot NH;)s[2-H-3]-imidazole]* ™ and [Co(NH;)s-1-methyl{2-H-3]-
imidazole]’ ™ (8) as a function of pH has been determined and it is shown that the
reactions of both species involve a rate-determining attack by OH™ [23]. The
mechanisms propesed for the tritium exchange in these complexes are shown in (9).
The rate law for the Me-substituted complex is found to be as given in Eq. (5)
giving the expected linear dependence of rate on [OH ]. The rate versus pH profile
for the protonated complex is more complicated in that an S-shaped curve is found
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NH,
NH, | CH, ”z~...,,_ 1
L N ; T< | O,
NI, NH:
1 2 3

over the pH range 7.77 10.46. This is shown to agree with the rate law (Eg. (6}).

koo =KM[OH . {53
(MK, +}<"’A’“[OH gk
oby = M - (6)
(KY +[H ])

The effect of complexes of the type [H{Gyl},OCo(NH;})* (r=1 4} on acyl
transfer reactions which are catalysed by z-chymotrypsin has been investigated [24].
The reduction of complexes of the form [Co{N;)(H,PO))"". in which N repre-
sents (NH;lks, {NH,;Me); or 19-amino-10-methyl-1.4,8.1-2 tetraazocyclopentadecane
by [Fe(CN)G|* ™ is outer-sphere and the kinetics of the reaction have been studied
as a function of temperature and pressure {25]. The mechanism for this type of
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reaction s given in (10). The experimental data support this rate law and are shown
consistency to fit Eq. (7). It was, thus. possible to differentiate between the formation
of the encounter complex and the rate constant for the electron transter process.
Rather surprisingly, considering the fairly large variation in charge for these species,
there was little change in the ion-pair formation constant. The electron transfer rate
constant was found to increase with increasing size of the monodentate amines,
other things being equal, but by the same token the intreduction of the macrocychc
ligand resulted in a significant decrease in the electron transfer rate constant. The
variation of the activation parameters is concluded to indicate important changes
in hydrogen bond formation behaviour in the production of the transition state.
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KOS
[CoiNsHHGPOHITT + [Fe(CN)gld === {[Co{Ns}{HPOI"™ [Fe(CNg]*"}
([Co{Ns}(HPOHI™ [Fe(CNYg4} ——» {[CofNs}HPOPI™D* [Fe(CN)g)3-)

([CofN5} (HPO I D [Fe(CN)g3} —=Lm  products

10}

kKo o[Fe(CN)Z ]

= - - (7)
{1+ K [Fe(CNY I}

ohs

Eighty-five new compounds involving a number of transition metals, of which
[CoL lfLn(dipic};) - #H,O {where dipic is pyridine-2.6-carboxylate and L is ammo-
nia, urea or various amines), 1s one have been synthesized [26]. The X-ray crystal
structure of [Co(sar}I[Eu(dipic),] - 13H,0 has been determined and it has the mono-
chinic space group P2,/n and a=10.611, 5=26.500, ¢ = 17.583 A and Z=4. Mono(N-
ethanediamine} and mono{N-benzylethanediamine) complexes of Co(III), in which
the other four ligands were either NH; or CN ™ have been prepared [27]. The NMR
spectra of these complexes show that the Me and Ph groups 4re anti with respect
1o the central metal 1on in the most fuvoured conformation, The crystal structure
of [Co(NH,){N-benzylethanediamine)j NO,}); - [.5H,0 showed that it belonged to
space group P2, with ¢=8.639. b=21.240, c=10. 897 A and =94.11 with Z=2.

The low-temperature EPR spectra measured at various temperatures below 77 K
of Coten);CuCls - H,0 single crysial have been studied [28). The structure of the
crystal is such that it contains luyers of the ion [Cu,Clg]* ™ which are parallel to the
ab crystal plane. These layers are separated by [Co{en};P* ions which are, of course,
diamagnetic. The results show that the Cu(I1) ions in the crystal are anriferromagnet-
ically coupled in the dimer giving singlet-triplet splitting with 2J,= —i4.8cm L.
Also superexchange coupling between dimers in the next layers was found to be
given by J, =0.00712 at about room temperature, becoming 0.00325 at about 100 K.
Below this temperature there is no further change with variation of tempera-
ture.  Carrier mediated transport of ¢is  and  trens  diamminebis-
{ethane-1,2-diamine}cobalt( [11 ), [Co(en),{ NH;),]* *, across a chloroform membrane
by lasalocid A, a natural carboxylic acid ionophore {113, showed that the trans
complex was more readily transported under the same conditions than was the cis
species [29]. The ratio of e¢isitrans in the new phase was found to be 1:3 after
about 24 h.

The photolysis of eis-(benzimidazole}(chloro)bis(ethylenediamine}cobait (111}
complexes in aqueous solution yields Co®' and CI~ as the primary products [30].
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lasalocid A

(11)

The data are interpreted to suggest that above pH 8.5 photoaquation and photore-
duction are important factors. Below a pH of 0.5 the intervention of solvent-caged
radical pairs is invoked.

Both cis and trans-[Co(en},Cly] " react with 2-amino-2-deoxy-n-glucopyranose {D-
glucesamine) to produce a complex mixture which contains glucosamine-substituted
complexes [31]. The reactions are very complex, but the mixtures were separated
using HPLC and it was found that there were complexes which contained a ligand

(12)
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formed by reaction of en viz. an N-(2-amino-substituted} glycosylamine and it is
suggested that the reaction involves the Amadori rearrangement of the glucosamine.
The crystal structures of eight of the species formed in the reaction were obtained
and five of these arc shown m {12}. Perhaps the best way to summarize the very
extensive chemistry described in this paper is via the possible reaction pathways
described by the authors to give the major producis of the reaction as in {13) and
{14), where the asterisks indicate structures which the authors indicate have been
structurally characterized. There is a similar thorough summary in the paper of the
pathways which result in the formation of the minor products as well.

The reaction between trans-[Cofen),CLJCl and H,atuc {6-amino-2-thiouracil)
{15} in the presence of OH and activated charcoal yielded the two complex cations
Cofenl,{atuc)]*" and the red [Cofen},{ HL)]*. where H,L is 6-amino 5-5-amino-
4-oxo{ 1 H )-pyrimidin-2-yl [thio-2 3-dihydro-2-thioxo-( 1 H }-pyrimidin-4-one  [321.
The X-ray crystal structures of these two species have been determined and are
shown in (16} and (17). A mechanism for the formation of [Cofen),( HL}|™ was
proposed and this is shown in (I8}. The complex [Cofen),{ HL)]™ is of particular
interest with the atuc having been dimerized. An unusual feature of the prepar-
ation  of  traas-[CoCl{NH,Me)(en),}*' is that in its formation from
trans-[CoCl{NO;Men);]” by reaction with MeNH,, Cl is first replaced by
MeNH, and then NQ, replaced by Cl1~ {33]. The X-ray crystal structure of
wrans-[CoCI{NH;Me){en},)Cl; shows that it is moneclinic, Pl /¢ with a=11.515,
p=7421, ¢=17.257TA, [=99.220°, ¥=14556A% and Z=4. The complex
cis-[CoCH{NH,Mej(en),]Cl, 1s orthorhombic. Fdd2, with «=26.64, h=27.26, c=
7.5370 A, ¥'=5497 A* and Z = 16. The kinetics of the aquation of both the complexes
were studied and the replacement of Cl~ was found 1o be faster in the case to the
truns complex than for the ciy species. The authors point out that this is in keeping
with the longer Co - Cl bond in the trans complex as determined in the X-ray crystal
structures,

NH

LS

N NBT TS

Haatue

(15)

A whole sertes of complexes has been prepared of the form
[(tmta)}Cr{-OH ), ML]CH- nH,O[M = Co (111} or Cr(H1}; L4 =(NH,},. {en),. {tn),,
{{ R,R)chxn},. (trien), {amp),, { bpy), or { phen),: nta = nitrilotriacetate. chxn = frans-
cyclohexane-1,2-diamine,  amp=2-aminomethylpyridine  and  phen=1.10-
phenanthroline [34]. The X-ray crystal structures of a number of the species has
been determined and that for [(nta)Cr{ 3-OH },Co(tn),]C1- 1.5H,0 is shown in (19).
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17)

The photolysis of a series of complexes of the torm [LCo{NH,,0, )CoL]* ", where
L=4NH;, en=2NH;, 2en and tren has been investigated [35]. The products were
different for the vartous complexes. Thus, the tren complex vielded [{tren}Co({OH.
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(18)

037 )Coftren)* * and [Co{NH;}{tren)(H,0)* ", while the NH; containing com-
plexes produced a mononuclear species and Co(I1). The nature of the products was
often different in neutral and acidic solutions.

An aqueous selution containing [Colen);{OH 35, aluminium oxvhydroxide and
85% H;PQ, was heated at 150 " C for 2 days to produce an orange, layered aluminium
phosphate, [Cofen);ALP,O,,  3H,O). which on heating to 300 "C for 2 h. resulted
i an amorphous blue powder after loss of en [36]. The X-ray crystal structure
showed that the layered aluminium phosphate consisted of three distinet four- and
six-membered rings in sheets between which lay [Co{en};)* ~ ions and H,O molecules.
An unusval feature of the structure is a chiral motif repeated along one direction in
the aiuminium phosphate layers, which the authors point out shows similarities to
[3.3.3] propellane. In a related study. a chiral aluminium phosphate has also been
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(19)

prepared using [Co(tn),]**(in=1,3-dianminepropane)} as template [37]. The name
given to the layered species produced is Gtex-2 and has the general formula
[Co(in), AP,y HO]. This time., the reactants were in the form of a gel made
up from AlL,Q,. orthophosphoric acid and water, to which was added NMe OH and
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then [Co{1n);]Cl; followed by a peried in an autoclave. The X-ray erystal structure
showed sheets with the complex fons acting as “pillars’™ between them.

The determunation of the X-ray crystal structure of the complex rrams-
di{ 4-chlorobenzoato-0Oibis( 1,3-diaminopropane- N, N ycobalt (111} 4-chlorobenzoate
(20) dihydrate affords an opportunity to study the disposition of the ligands in two
crystallographically independent complex ions in the same unit ¢cell [38]. The chelate
rings produced by the 1,3-diaminopropane ligands are in the chair configuration in
both of the units in the unit cell. The benzoate structures are present as axial ligands
and are monodentate through oxygen with there being a significant difference in the
relative tilting of the rings. In addition, there are differences between the two complex
units arising from axial bond lengths und bite angles which are influenced largely
by hydrogen bonding and the stacking arrungements of the benzoate anions.

In the course of a study of a number of complexes of the type
[Coltn}{ py)Cl] Y {tn = |.3-diaminopropane; Y = 2Cl0, or ZnCl,), the X-ray crystal
structure of the complex [Co{tn),{py}C1][ZnCly]- H,0 was determined [39]. This
species was shown to have a ¢fs arrangement arcund the Co centre with the Co--tn
rings having chair conformations.

A chelated bicarbonate complex. [Coftepa)(O,COH CIO,), - 3H,0, (tepa=
tris{2-( 2pyridyl)ethyl Jamine) has been prepared by protonation of
[Coltepa}{ O,COKCIO,) in acidic aqueous solution [40]. The X-ray crystal structure
{21) showed that it was distorted from a regular tetrahedral arrangement around
the Co centre by vitue of a small O-Co-O angle of 67.64  produced by the
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bicarbonato ligand, X-ray crystal structures have been obtained for the complexes
trans-{ N,1-N)-[Co(norleucinato)}(tren)]l, and [Co{methioninato)(tren}}l, (tren=
tris{ 2-aminoethyl Jamine} {41]. An interesting feature that comes out of the X-ray
crystal structures is the fact that in the crystal. D- and L-aminoacidate ligands co-exist
in the unit cells with two each of b- and L-rich domains in each site. A new tripodal
tetraamine ligand, abap, {22} and its Co{I1]) complex have been described [42]. In
the complex synthesis. the mixture of Co(ClQ,), - 6H,0 and NaNO; and ligand first
gave a dimeric species and then [(abap){O,NOYCOF ", (23), structurally charac-
terized as the perchlorate salt. After hydrolysis, this gave [{abap)Co{H,0},)* .

Three isomers of the cation [Co{meen),{C,0,]1", where meen is N-methylethylene-
diamine, have been crystallized using selected anions [43]. The X-ray crystal struc-
tures of [Co{meen),{C-,O[Pb.CL]- 2H,OQ and [{{Co{meen)(C,0,}IBro},] show
that they are conformational isomers differing from each other cnly in the position
of the axial Me groups.

Complexes of the form [Co{L)X]"" have been prepared in which X is H,0 or
CI ~ and L or HL are the ligands shown in {24) [44]. The X-ray crystal structures
of [Col,iH, OClO 3,  H,O and [Co(HLMCIHCIO,); - H,O [the cations are
shown in {25)] were determined.

The X-ray crystal structure of the red-brown complex
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[Coi HNCOMeNCOMeNH )], prepared from the reaction of a suspension of CoS
with a solution of [Cu( HNCOMeNCOMeNH },] in dimethyl sulphoxide in air, has
been determined and is shown in (26) [45]. The electronic spectrum of the complex
was interpreted in the light of the X-ray structure and molecular orbital calculations
were carried out at the Mo-LCAQ-SCF level.

(26)

Although many dioxime complexes of Co are prepared with the express purpose
of using them as vitamin B,, model compounds, many arc not. For this reason.
these complexes are included here rather than in Section 7. The kinetics of solvent
exchange for a number of complexes of the form {Cof(ll}L(solv),], where
L~ =Hdmg, H,dpg. (BF,)dmg and the solvents were MECN, MEOH and
Me,CCO have been investigated (46]). The vualues were compared with those
for [Co(1l}tsolv),]" ™ and found 1o be of about the same magnitude. The X-ray
crystal structure of the complex [(R)-1.2-diethoxycarbonylethyl|bis{dimethyl-
glyoximato}{methyldiphenylphosphinejcobalt{111) (26} has been determined [47],
as has that of aquanitrobis(dimethylglyoximatojcebalt{ 111} butancene clathrate. part
of the structure of which is shown in {28} [48]. The reason given for carrying out
this study was to investigate the effect of visible radiation or X-rays on the racemiza-
tion of the chiral 1 2-dicthoxycarbonylethyl group. Neither X-rays nor visible radia-
tion produced racemization in the crystal. but the latter did cause stow racemization
i the powder.
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The synthesis and characterization of new Co{Ill) complexes. {29} and (30} with
and without BF; -bridged, bis{z-dioximato) ligands has been described [49].

The X-ray crystal structure of the intercalated solvent structures formed by crystal-
lizing the compiex aquabis(dimethylgiyoximato)nitrocobalt {II1} from appropriate
solvents shows that the space group. P2,/m, of the complex remains unaltered,
but there are chunges in the values of ¢ and $[30]. The X-ray crystal structure has
also  been determined of the complex [{($)-1.2-bis{allyloxycarbonyl jethyl]
bis{dimethylglyoximato)[{R}-1-phenylethylantne]cobalt(111) isopropanol solvate
[51]. Dark bluc crystals of [Co(Hdmg),(PhyP}3.5-DTBCatH} are formed
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{31)

when [Co(I1}(Hdmg),{ Ph,P),] is reacted with 3.5-DBCutH; in the presence of O,
in acetone solution, where 3,5-DTBCatH = 3.5-di-tert-butylcatechol have been shown
using X-ray diffraction to have structure (31) {52]. The most significant feature of
the structure is the presence in the complex of a monodentate [3,5-DTBCat] " ligand
in one of the axial positions. The authors attribute this structure to the presence of
the very bulky fert-butyl groups on the [3.5-DTBCat]™ ring which force the choice
of the oxygen in position-1 of the ligand for bonding to the cobalt. This ligund is
fost when the complex is dissolved in benzene and heated to 47 C under N, and is
present in sofution as the free unionic 3.5-di-terr-butylcatecholate radical (32}
as detected using ESR. ESR speclroscopy at room femperature has been used
to  investigate the oxidation of 35-DTBCutH, by O, catalysed by
[Co{ I }{ Hdmg),{ Ph,P}{3,5-DTBCatH )] and has shown that the reaction is consis-
tent with the mechanism shown in (33): the author’s labelling is used in this scheme

[0.]]

WCH L Cieig),

{32)
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and an important feature is that the presence of {3). {6) and (7} is required to
account for the fact that H,0, is not a product of the reaction.

Cofllljy
\ Co(lI¥DBSGH )"

«\

Co(ll}oH
Co{I¥DBSO ¥ * Co{llI}¥DBCatH}
DBS
} Q&
DBSG Coflly O
pesg’
|
Co(HoH Co{lit)dn
DBCa[HZ
1205
ColliliOgH DBSQ®” « H”

(33)

Truns-2-butenyl bis{dimethylglyoximato){ pyridine)cobalt{I1l}, when irradiated
by a high flux xenen lamp shows significant changes n 1ts crystal structure [53).
The cffeet 18 produced by the  gradual  change from  wruns-2-
butenyl )bis{dimethylglyoximato} pyiridine}cobali(Il1l) to the iy isomer. This
change tock about 2 h and produced a .25 A increase in the a axis and a 0.39 A
change in length of the # axis of the orthorhombic unit cell. The photolysis of a
scries of complexes [LCo{chelate}B] in which L =azide, thiolate, and chelate=
dimethylglyoxime, N.N'-o-phenylenebis(salicvlidenimine) =salphen. ¥ A'-ethylene-
bis{salicylidemimine) =salen and B =py, imidazole or triphenylphosphine, has been
shown to produce homolyiie cleavage of the Co-L bond resulting in the production
of reactive cobalt{ 11} chelates of the type [Co{chelat)B} and hgand radicals L-. The
effect on the efficiency of the photolysis was studied for the variation of a wide
range of parameters. including the nature of the substrates, the wavelength of the
irradiating light, its intensity and also the effect of changing the solvent. The use of
IRu{bpy}:JCl; as sensitizes tn these systems was also studied [54]. The complexation
of N N-bis{salicylidene)ethylenediiminatocobalt{111) anion by anilines in dimethyl
formamide has been studied [53].

A non-linear relationship was found between the rate constant and the dielectric
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constant of solvent mixtures for the salvation of the complex cation truns-dichlorotet-
ra(zere-butylpyridine)cobalt{ 11} [56,57]. Unlike many other systems, and particu-
larly those involving relatively hydrophobic co-solvents, there was found to be very
little effect of solvent composition on the enthalpies and entropies of activation,
Studies of the complexes of D-fructose and 1,10-phenanthroline with Co(II1)
using CD, ORD and 'H NMR spectroscopies show that the A diastcreoisomer
oceurs to the greatest extent {58]. Spectroscopic data are interpreted in the light of
molecular mechanics calculations. The X-ray crystal structures of the cobalt{III}
complexes  [{en},Co{AnErytH-2)]1, o -[ten);Co( Me-%-p-ManP, 4H-2)]CIO,.
NaClQ,-2H,0, and 2-flen},Co(Me-fi-n-Galp,, 3H-2)CIO, - H,0, prepared in
aqueous, alkaline solutions of rrans-[(en),COCL]Cl, have been determined [59].
A A-configuration  was  also found by the same group in  the
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(35)

bis¢ 1. 10-phenanthrolingjcobalt (111} complex formed with L-sorbose and it has been
possible to assign *H NMR spectroscopic signals for the x-L-sorbopyranose com-
plex [60].

The complex [Co(phen);]** has been used to quench [Ru{bpy},]** luminescence
when both are incorporated between the lavers in and on bentolite-H clay [61].
Careful control of the disposition of the ruthenium and cobalt complexes in the clay
substrate allowed the quenching rates to be modulated.

When the complex {octaethylporphyrin}cobalt{I1} 1s reacted with ascorbic acid
in the presence of dioxygen in a partly frozen mixture of dichloromethane and
tetrahydrofuran, which is then warmed up to room temperature a green suspension
containing 4 mixture of complexes 1s produced [62]. From this, the purple complex
[{OEOPYCo{IN{ PF,} is prepared by chromatographic separation in the absence of
dioxygen along with dark red [(QOEOQP)Co(I11}]Cl, in which OEQP is the monoanion
of octaethvioxaporphyrin. Washing the green suspension with water followed by
chromatographic separation vielded the olive-green species [{OEBYCo], a complex
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of the open-chain tetrapyrrole octaethylbilindione { H;OEB}. Treatment of the green
suspension. first with water and then with an aqueous solution of NaOH {ollowed
by HCL vielded the free ligand H;OEB. These reactions are summarized in
(34). The X-ray crystal structures of the species [{OEOP)YCo(IL)]{(PF},].CH,CI,
and [(OEOPCo(II}ClL,.2CH,Cl, were determmed and  the  structures  of
HOEORPYCo(IDJ(PF,)] and {OEOPCoe{lICl,] are shown in {35) and (36).
respectively,

In the complex bis{ 2-methylbenzimidazolejtetraphenylporphyrinatocobalt (111 1t
has been found that the axial 2-methylbenzimidazole ligand is fixed relative to the
non-planar porphyrin ring [63] and this is ascribed by the authors to extensive steric
repulsion between this ligand and the meso-substituents.

A copolymer which was electroactive for Co{lI1VCo(ll) and Cof(ll }Co(I)
redox couples has been prepared by the electropolymerization of
S-amino-1,1(-phenanthroline cobalt{1[1} complex with 1-vinviimidazole in cyano-
methane solution [64]. The synthesis of vinyl cebalt(HI }porphyrnins has been
achieved by reaction of 2-diazopropane and 1-diazo-1-phenylethane with meso-
tetraphenylporphin - cobalt{1I1}  bronmude (Co(I1I)TPPBr). producing vinyl
CotIHNTPP derivatives [65]. These were then copolymerized with MMA to produce
alkyl CO(HIYTPP complexes which were covalently bound to macromolecules.

A neat synthesis of T-methyi-1.4,7, 10-tetraazacyclododecane { Mecyelen) involving
fewer steps than previous methods from p-tosylaziridine. methylammonium acetate
and tris{ p-losyl jdiethanolamine has been described: see (37} [66]). This was then
used to prepare the deep red complex {Co{Mecyclen}Cl,JCl which was reacted with
S-alanine or its Me-ester. The reaction mixture contained six isomers of
[Cot Mecyclen){S-Ala03)? . of which five were isolated using cation exchange chro-
matography and fractional crystallization. The sixth was detected in solution and a
possible structure inferred trom spectroscopic studies. The structural differences in
the complexes isolated were found to be extremely small and the UV VIS spectra
were as expected virtually identical to each other. However, it is shown in this paper
how it 1s possible to use nuclear Overhauser effect { NOE) speciroscopy to determine
the structures of the complexes which were isolated and then the structures of
three of them in the forms of {[Cof{Mecyclen)(S;R-AlatHCIO,}L -HLO.
{Cof Mecyclen)($-AlaO]| ZnCl,) - 2H,O and [Col Mecyclen){SAlaO)(ClO,), - H.O
somers were confirmed using single crystal X-ray crystallography. The five isomers
isolated and the method of structure determination are shown n (38). The structure
of the sixth which was determined in selution but it wus not solated in the solid
stale 1s suggested to be possibly the ansi{Me), ser{ N}, spr(N) somer.

The absolute configuration of the complex rans-dichloro{!.5.8.12-tetra-
azadodecane)cobalt {111} mtrate has been determined [67] and the structure of {+)-
trans-1.5.8. 1 2-1ctrauzatetradecanedinitrocobalt{ [11 } nitrate has also been determined
f68]. Didentate ON complexes are formed when A-x[Co(S.S-picchxnMe)Clij*.
where $,S-picchxnMe; is N N -dimethyl-N, A-di( 2-picoly] )-15.28-diaminocyclohex-
ane, is reacted with proH (proline). alaH (ulanine; or AMMAH, (2-amino-
2-methylpropandioic acid) [69]. When a racemic mixture of proline is used
as the reactant, 1t was found that there was a significant discrimination in
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favour of S-proline. but in the case of the other two ligands there was no such
discrimination. The X-ray crystal structure of  the complex
[Co(S.S-picchxnMe, }{S-pro}j{CiO,), - H,0O showed that 1t belonged to space group
P2,2,2,, with a=11.082, h=13.838. ¢=10.387 A and Z=4. The dichlorocobalt{I1I}
complexes invelving the ligands (25.55.9S )-tnmethyltriethylenetetraamine { L) and
{28 . 5R.95)-trimethylinethylenetetraamine { L") have been prepared and shown to
exhibit three 1somers cach. In the case of L', thesc are A-cis-xz, Z-cis-ff and trany
isomers and LY they are J-cis-z. S-eiv-f and trans isomers. [70]. In methanol
salution both of the frass complexes are converted into the cis-x-dichloro complex,
while the ¢is-z-dichloro complexes are converted 1o the rrans-diagua species in water.

Variable  temperature  X-ray  difftaction  studies  of  crystals  of
rac-|Cofen), | NHC{SYCOO I HCF . SO,) - H,O showed a reversible phase 1ransition
at 155 K [71]. Thus, 1t was observed that at 114 K the space group was monoclinic.
P20, a=61509, h=14872. c=17.421 A, f=93.71", ¥=1590.3 A% and Z =4, while
at 295.5 K the space gmup was the same, but ¢=12.558, h=14.978. ¢=18.139 A.
f=104.44". ¥=3304 A* und Z=8§. It is the differcnces in hydrogen bonding which
largely account for changes in structure which occur at the phase change.

A number of cobalt{IIl} complexes of the ligand (R R-Me(6)]14]aneN{4)=
TR HA(RY-5.5.7,12,12. 14-hexumethy]l-1,4.8, 1-1-tetraazacyclotetradecane, and three
didentate ligands (glyeinate, S-alaninate or oxalate) have been prepared [72). In
cach case. the tetruamine ligand in the complex was arranged such as to have a
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folded cis-type configuration. The electronic und **Co NMR spectra of the complexes
show what the authors describe as an “unusual decrease in field strength™ which
is considered to arise from sterecchemical modification of the Ild4-membered
cyclic ligand. A study of the dissociation of alaninate from [Co(S8-
alaninato){ R-Me61141aneN(41}]%~ shows that it is rapid and this is also attributed
to the ligand field strength.

The structure of the complex [Coy{[9]aneN;){OH}),{0,P(OCH,)}-
(OCH4NO,)I* ' (39) has been established using X-ray diffraction [73]. The kinetics
of hydrolysis of this complex have also been studied, and using '*0 labelling experi-
ments. it is suggested that the process involves the dissociation of the bridging
phosphate diester with the next step being an intramolecular attack on a hvdroxy
ligand, as shown in (40).

Cobalt(Ill} complexes of 14.8,1!]-tetraazacyclotetradecane-5.7-dione and
6-( 2-(2-pyridyl Jethyl »-1.4.8.1 | -tetraazacyclotetradecanc-5,7-dione  have been pre-
pared as being capable of selective recognition of nitrite and thiocvanate ions {74).
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X-ray diffraction data and the application of other techniques show that in the solid
state the complexes have an iminol tautomeric structure and that the amide oxvgen,
but not the nitrogen atoms are protonated. The tminol groups were found to be
relatively strong acids in water.

The complex [Coi[15]aneN{4)!], where [{3]aneN(4)=1.4.8.12-1telra-
azacyclopentadecane is found in aqueous solution to exist as three complexes in
which the axial positions are occupied by aqua and/or hydroxo ligands [75]. There
is some evidence that ligands such as Cl7 or NO; also are able to occupy these
positicns.

Complexes of the type [CoDySnX;),)*  have been reduced to produce
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[CoD4(SnX;}3)*  in both of which D=a dioxime and X =a halogen and the redox
properties have been investigated [76].

A range of new macrocyelic ligands viz. {1,4.8.l1-tetraazacyclooctadecane
(232N,10).  -cyclononadecane  {232N,i1),  -cycloicosane  (232N,12).  -cyclo-
henicosane (232N,13). and -cyclotricosane (232N,15)) (41) which have varying
ring sizes have been prepared [77]. Cobalt(Ill} complexes of the form
trans-[CoCly{232N,x)] ™ have also been made with x=7 to 13 and 15 and isomers
separated. Two methods were used to produce the complexes using different sources
of cobalt reacting with the appropriate 232Nx.HBr. The first was using
CoCl, - 6H,0 und the second using an agucous solution of K4[Co(CO;);]. Although
the overall product in each case was sinular. the isomers present differed and various
isomers were isclated from each of the mixtures. There are six possible isomers
arising from the four chiral N atoms (42). The first method gave the RRRR(55SS)
1somer for 232N,7. and the RRRS/SSSR; isomer for 232N, x, where x =815 and
15 The second method gave the RSKR/SRSS) isomer for x=8-13 and 15. The
variation in ligand field parameters with ring size were determined. The electrochemi-
cally determined redox potentials for the Co{ 111} Co( 11} couple showed that reduc-
tion becomes easier moving from x=6 7 8§, but then becomes more-or-less constant.
The variations are interpreted in terms of the strain produced in the ring systems.

When cis-2-[CoCly{trien)]Cl and Ag,O are reacted with salicylaldoxime [78] a
mixture of complexes of the type [CotA)trien)]Cl- nH,O and [Co(B) (trien)]Cl,,
in which A and B are salicylaldoxime ligands with and without a proton, respectively.
as shown in {43). The configurations of the complexes prepared and scparated
using ion exchanpe chromatography were ¢is-8,-(RR SS)-. cis-f5,-(RS,SR)-.
cis-BARRSS)-, and  civ-f,-(RS.SR)-[Co(ANtrien)]Cl- nH,O  and also  eis-f3,-
(RR.5S)-. ¢is-f3,-{RS, SR})-, and cis-},-{RR, S5 }-{Co(B} (trien}]Cl,. The X-ray crystal
structure of ¢is-fi;-(RS. SRCo{ A){(irien)|Cl - (CH,COCH;) - 2H,Q was determined
and it was found that it was orthorhombic. PA2,0 with ¢=14.091, 5=22.385. ¢=
TOITA, V=2211.5A% and Z=4.

The preparations of the two new chiral amines. N, A-di(2-picolyl 1R, 3S-
diamino-1.2,2-trimethyicyclopentane (R, S-pictmep) and 3S8-di(2-picolyl }-amino-¥-
(2-picolyl Yhexahydroazepine (S-ahazterpy), together with their Co{Ill) complexes
have been described (44) [79]. The (R, S-pictmep) complex has potentially 20 isomers,
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but the preparation as described in the paper resulted in only one isomer.
The absolute configuration of the Co(Ill} complex O-f-[Co{R. S-
Pictmep)CO,[ClIO, - 2H, 0 was established by using a combination of infrared.
visible CD, and 'H and "C NMR spectroscopies. The complex
trans-equatorial-fCo(S-ahazterpy)C1[{CIO,)], wus prepared in a rather small yield
which prevented any conclusions about the extent of stereoselectivity in the prepara-
tion {45},

(45)

1.2, Compournds with oxygen donor ligandy

There have not been many complexes in this category this year. Chemistry taking
place in moleten salt media do not appear very often in these reviews. One such is
a report of the electrochemical reactions of Co and CoO in moleten eutectic mixtures
of Li,CO; K,CO; and K, COy Na,CO, which were saturated with a mixture of 0.9
0,/0.1 CO at 1000 K [80]. In the Li,CO,-K,CO, mixture Co is oxidized and this
is belicved to cccur through the intermediacy of an vnstable specics, but not n
K,COy Na,CO; mixture. In the case of CoO in M,C0,-K,CO,, however,
MCoO, is the product,

The X-ray crystal  structures  of three related complexes. trans-
[Co(acac){ PMcPh,),|PF, (i}, trans-[Colacac){ H,OX PMePh,)[CIO, (i}, and
trais{ P.P)-{Cotacac )ICN L{ PMePh,),] (iii} have been determined [81]. The struc-
tures of {t} and {iti} are shown in (46).

The moneclinic  polymorph of the complex tris{ 1.3-diphenyi-
propane-1.3-dionatojcobalt (11T} crystallizes in the space group P2;/¢ and with u=
17.257. b= 9.951, c=20.TR6 A, $=92.73 . V=13565 A* and Z =4 [82]. The structure
determination showed that the environment around the cobalt consisted of a
distorted octahedral arrangement with different Co -O bond lengths.

A series of complexes of the form [Co{ HH j(4.4-X { py},){ DBSQ Y DBCat}),, where
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(46)

X =8, Se or T¢ have been prepared by the reaction of Co{CQ}, with the correspond-
ing 4,4’-chalcogenobispyridine [83] where DBSQ = 3.6-di-rert-butylsemiquinone and
DBCat = 3,6-di-tert-butylcatechol. When the temperature is increased. these com-
plexes undergo a Cat—Co electron transfer. The effect of this essentially is to
produce the species [Cot 111){4.4-X (py),){ DBSQ},],. This effect varies according to
the chalcogen substituent. In another study, the equilibria involved in the conversion
of [Co{ 111 }(bpy}{ 3,5-DBSQ }{3,5-DBCat}] to [Co{ 11} ( bpyi{3,5-DBSQ ),} {47). have
been examined in both in the solid state and in solution in toluene [84].

[Co(YN-NXDBSQXDBCag] ™ [Co(N-NYDBSQ);]
(47)

In toluene solution the values of AG and AS were obtained from magnetic and
optical band measurements and by magnetic measurements in the sohd state.
Thermodynamic data from the solutions show wvalues of AH and AS of
33.9kJmol “'and 124 JK "'mol ', respectively, and a similar value for AH in the
solid state. though the transition temperature is about 50 K higher. The high value
for AS Is attributed largely 10 the increase in low-frequency vibrational activity due
to the prescnce of weaker Co(lll)-ligand bonds.

A scries of new binuclear complexes of Co(lIl) with crown ethers have been
prepared [85]. Complexes of cyeclodextrins have become a fertile area of research.
Cobalt complexes of catenated cyclodextrins have been studied [86). A range of
catenanes has been synthesized in aquecus solution {rom the partially methylated
cyclodextrin. heptakis{2.6-di-O-methvl-f-cyclodextrin) and a range of compounds
which contain a hydrophobic central core in the form of a 4.4'-disubstituted biphenyl
unit such us bitolyl which has two hydrophilic pelycther side chains terminated by
primary amine functions.
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1.3 Compounds with nitrogen -oxygen donor ligands

The archetypal complexes belonging in this section are those of H,edta. the
X-ray crystal structure of the complex aqua(ethylencdiaminetriacetatoacetic
acid yeobalt (TH } dihydrate [Co{ H,O¥edtaH }].2H,0. has been determined [87]. The
arrangement around the Co, (48) and (49), may roughly be described as 4 pentagonal
bipyramid.

(49)
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Photolysis of the complex 2-[Co(Meseddpi{en)]” where Me,eddp s
{CH,;N{CH,)(CH,),COO 1§, yields the complex 3-[Co(Meeedmp-
C,N.N,O)(en}]" where Mezeedmp=(CHQCHZN)—C-(CH3)1CH2}2N{CH3}-
{CH,},CO0 ™ and the X-ray crystal structure of the latter has been determined [88].

The phetolysis products of the A-m. A-#B,. and A-ff, optical isomers of
[Co{eddp){en)]” were studied using CD and '3C NMR spectroscopy The A-f,
species gave " -2-[Cof{eedmp-C.N.N", Q) (en}] *, where eedmp s
(CHCH,NH }-C-(CH,),NH{CH,),COO"  and the A-f,  complex gave
(-=)0543)¢p-B-{Cotedmp-C N, N O¥en)]' as the mujor  product  and
A-a-[Coleedmp-C.N,N"O}en)]* as a minor product. The X-ray crystal structure
of the complex guanidinium fi-cis-(carbonato-0, O} N, N'-cthylenediamincdiacetato-
NN .O,0"cobalt{ 111} {50} has also been determined [89].

(50}

The red complex [K(H,0)( Me,CO), )}t H,O,)[Cotazp),],. where H;azp is 2,2
dihydroxoazobenzene., has been prepared by the reaction of cobalt(I1} acctate in
strongly basic solution with Hyazp [98]. The X-ray crystal structure of the
[Cotazp),]; 1on shows that the arrangement around the Cotl) is trans-CoO,N,.
The compound 5.6:13.14-dibenzo-9,10-benzo( 1 5-crown-53-2.3-bis{ hydroxy-
imino)-7,12-dioxo-~1.4.8.1 I-tetruazacyclotetradecane {H,L) has becn prepared and
mononuclear complexes with Co{I11) isolated [91]. A trinuclear complex including
palladium and involving BF, bridges has also been made.

A runge of complexes of the form Jac-tris{ Lycobalt( HIY in which HL = D-alanine,
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p-valine, p-leucine, L- and p-prolines as well as .- and p-serines have been prepared
and the temperature dependence of their solubilities in water investigated to obtain
various thermodynamic parameters such as AG™s} AH“(s) and AS*(s) [92].
Hydrophobicity was identified as a factor in determining the values of AH™(s)
and AS°(s).

The structure of silver(1) mer-{ NO;} trans-{ NH,, NH;)[(S }-alanmmato]ammine-
trinitrocobaltate( [11) monohydrate (1) has been confirmed by an X-ray structure
determination to involve a five-membered chelate arrangement around the Co [93].

Part of the infinite siructure

(31

A series of Schiff-base complexes of the form [Co{L}{L"),]Cl, where L =acacen.
salen, salpn, hapen or saloph and L' =aziridine or methylamine, have been prepared
and characterized using 'H and 3C NMR spectroscopy [94]. Dark purple crystals
of the Co{lll) complex {1) in {52} were formed by heating CoCl; with the ligand
in air [95]. Other complexes in the same series were also produced. The photolysis
of cobalt( 11} aminopolycarboxylates has been investigated [96].

1.4, Complexes with sulfir donor ligands

The anion [Co{NO,), > reacts with K,CS; to produce [Co{CS;),} ions [97],
which are then precipitated out as the tetraphenyiphosphonium salt. The compound
was characterized by a variety of spectroscopic techniques including **Co NMR
spectroscopy. A series of complexes of Co{lll} and Co(ll} have been prepared



AL B Duvies ! Coordination Chemistyy Reviews 169 ( 1998, 237-361 215

(32)

using the carbodithiocate ligands shown in (83) [98]. In every case it 15 deduced that
the complexes are bonded 1o the Co via the sulfur and in the Co{IIl} complexes
that they arc octahedral. In the case of three of the Co(I1} complexes the p.q values
lic in a region between that expected for sguare planar and that expected for
tetrahedral geometry around the Co. In addition, the temperature variation of g
shows a decrease with decreasing temperature, behaviour which may indicate a
square-planar tetrahedral equilibrium.

1.5, Complexes with sulfur oxygen donor ligands

The X-ray crystal  structures of the two  closely related species
JucCo{CHNQOS), - HoO - 1/2CHOH and fuc-{Co(CsHNOS),]-1/3CH,0H have
been determined; the cobalt complex is shown in (54) [99], where C;H,NOS is
2-mercaptopynidine- ¥-oxide. Euch of the complexes contains an .85 arrangement
around the cobalt centre in the [Co{CH,NOS),] part of the structure.
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- s"Na* HyO
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Carbodithionic aci sodum dithiocarbodithionate hydrate
- /S‘Na+.H20
=S
s b
\\‘L N/_<
- C
HQO.Na‘S/ i

Disodium 2-methylpiperazine- 1,4-dicarbodithionate dihydrate

(33)

1.6, Complexes with sulfur- nitrogen donor ligandys

A series of papers has been published in which the preparation of new multinuclear
Co(ll1) complexes of the ligand 2-aminoethanethiolate (aet) (NH,CH,CH,87}) are
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described [100 102]. In the first of these, bluck crystals of complexes which are
shown to be of the form [{Co(11]}(act )z} {4Hg(11),0)]° " are produced by reaction
of fuc{SHCofaet};] with HgO in water. This octanuclear complex is produced as
only two isomers viz. AAAA and AAAA which have been resolved using
K,[Sb,{d-tarirato}),] and characterized. A proposed structure is shown in (55). The
crystal structure of the trinuclear complex {56} has been determined. A tetranuclear
Co(IIl) complex was produced by reaction of {{ NH;y)s CoCl]?? with [Nifaet),] in
water, during which the green colour of the NI complex changed over several hours
to a black sclution from which black crystals of the nitrate were obtained. The
comnplex is of the form {{Coytaet),]} [Colaet)y},]**. The X-ray crystal structure of
this species showed that it had the four Co atoms bridged by a double sulfur bridge
and two triple sulfur bridges. The result 1s that the Co atoms have what is described
as g kind of boat structure. The crystal contained both ASSA and ARRA isomers,
s¢ that 1t is racemic. Two isomers are shown in (57). The compound was in fact
successfully resolved by using [Sby R .R-tartrato),]*" and the reaction solution was
found chromatographicaily to have two 1somers present. One was ASSA/ARRA and
the other ARRASASSA,

{35)

When a solution of [CoL{NO,},|[BE,]. in which L is 3.6-dithiaoctane-1.8-diamine.
is left for several weeks at 21 °C, two compounds were found to have crystallized
and these were manually sepurated. The X-ray crystal structure determination
showed that one of these crystallized in space group Pcal,, with «=123811, b=
12.213, ¢=18.906 A and Z=8. while the other crystallized in space group F£2,/n
with ¢ =8.054, b=13.833, c=12.564 A and F=10526" with Z=4. L behaved as a
tetradentate ligand via the two frans- axial N atoms and the two ¢is- S atoms. The
structure of both species consisted of A{d4s) and M/ /8) pairs.

Significant photocurrents have been produced by the electro-oxidation of an
acetonitrile solution of the complex tris{dimethyldithiocarbamato-S.S ycobalt{ I111)
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(36}

ASSA
|
| s
o \S / (]L‘\\Q
' N
ARRA
(57)

[Co(5,CNMe,);]. using platinum electrodes and radiation of between 300 and
600 nm [103]. In the absence of light, the rate determining step involves the dimeriza-
tion of this cation followed by a redox reaction resulting in the production of
[Cou{S;CNMe, )5 and the oxidation of the ligand. Radiation at 480 nm produces
the maximum photocurrent and results in a paraile]l photochemical route. A mecha-
nism is proposed In which it 1s suggested that the process begins by a one-electron
oxidation of the complex 10 produce [Co{S,CNMe,),]" {58}. The kinetics of the
decomposition of this species have been measured. For reaction 3, the kinetic
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parameters determined were: D,=1.7x10%cm?s™! and k;=0.08s"', where

X =[Co{5,CNMe,),]. The X-ray crystal structure of the complex tris(S-Methyl
N-phenyl-dithiocarbamato-S, N ycobalt (11T} has been determined [104).

[Co(S2CNMeyn) - ——= [Co(SoCNMea T+ (1)

2[Co(S2CNMeg)3 ¥ ——— [Coa(S2CNMen)e)2+

(2}

[Con(SoCNMey)g]2t + oxidized ligand

[Co($2CNMea)3]* + hy ———= [Co(S3CNMep)] + oxidized ligand 3
ICo(S2CNMesy] - ¢ — =  products (4
(58}

R
o I
E ] Thiosemicarbazone R Ry R3
R R,
A HOzben N Me NS)
N
)\ HLbcn CH Me N@
7R HLhexim CH Me O
HLpip CH Me )
HLDO CH Me N
Hben CH H N
Hheximn CH H N
Hpip CH H N
(59)

A range of reddish-brown Co(lIll}) complexes of the 2-acetylpyridine
3-pyrrolidinyi-,  3-piperidinyl-, 3-hexamethyleneiminyl- and  3-azabicyclo-
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[3.2.2]nonylthiosemicarbazone, [Co{LPO),|BF,, [Co{Lpip),]BF,,
[Co{Lhexim),]BF, and [Co{lLbcn),|BF,,  respectively; 2-formylpyridine
I-piperidinyl-.  3-hexamethyleneiminyl- and 3-azabicyelo[3.2.2]nonylthiosemi-
carbazone, [Co(PiP},)BF,. [Colhexim),|BF, and [Co(beny,) BF .. respectively: and
acetylpyrazine  3-azabicyclo[3.2.2]nonylthiosemicarbazone,  [Co{Pzben),}BF,,
have been prepared {59} [105].

The X-ray crystal structure of [Co{Pzben);|BF, {60) shows that the ligand 15
tridentate and the arrangement around Co 15 octzhedral. [n this particular case. the
crystais only contain one isomer of this molecule which is chiral. The ligands are in
the mer configuration and are bonded to the Co by the pyrazinyl N, the azomethine
N and the thiclate S atoms.

(60}

1.7, Complexes with sulfur-nitrogen oxygen donor ligands

The X-ray crystal structures of the Co{lll) complexes [Co{HL},]CLEtOH and
[Co(Hpt}(pt)]. (61).1n which H,L and H,pt are pyridoxal and pyruvic acid thiosem-
icarbazones, respectively, have been determined [106] and the IR and CD spectra
also obtained. The arrangement around the Co in both of these species is such that
the ligands are found in a mer configuration with the 8 and O atoms cis to each
other and the N atoms #rany to each other giving a pseudo-octahedral environment
for the Co, (62). The pyridoxal-derived complex is chiral and both ligands are
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protonated. In the pyridoxal-derived complex. on the other hand, the two hgands
attached to the cobalt centre differ in that one of them is monoprotonated. The
pyridoxal complex is chiral and the authors point cut that this constitutes an example
of the resolution of optical isomers by preferential crystallization.

(62)

Benzothiazolines are the products of the reactions of acetylacetone and salicylalde-
hyde with 2-aminobenzenethiol [ 137]. These were reacted with various Co salts and
produced Schifi-base chelates and complexes containing NS, and $.S-bonding to
Co{ll) and Co{Il) were obtained.

The crystal structure of the complex tris(V.¥N-diethyl-N"benzoylthio-
ureato)cobalt (111} {63} has been determined [108]. A cobalt{IIl} complex of
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the ligand dibenzole.kl-2.3-bis{ hydroxyimino)-1,4-dithia-7,10-diaza-2,3.8,9-tetra-
hydrocyclododecine has been prepared with the Co:ligand ratio being 1:2 [109]. In
addition. mono- and trinuclear macrocyclic species were prepared with BF; form-
ing bridges.

{63)

1.8, Complexes with phosphorus donor ligands

The complexes [Co{mtaS),}ClO, ), [Co{mias),{ClO,),. [Co(mtas),i BPh,},.
where mtas is bis[2-{dimethylarsino}phenyl jmethylarsine {64}, provide water-sclu-
ble and insoluble species and their voltammetry has been carried out in a variety of
conditions, including in solution and by attaching the microcrystalline form to
graphite electrodes [110]. [n acetonitrile solution, cyclic voltammetry of the complex
[Cot{mtas),]{ BF ), with 0.1 M Bu,NCIO, as supporting electrolyte, shows that there
arc three reversible one-electron steps taking place, as shown in {65}. This contrasts
with the situation in CH,Cl, solution where only the first twe of these reactions are
observed. The spectroelectrochemistry of [Co{mtas};]( BE,), in acetonitrile showed
the spectral changes corresponding to these reactions, Spectra were alse measured
of [Co(mtas),}{ BF,); and [Co{mtas),]( BPh,); in solution and in the solid phase.
The authors draw attention to the fact that the experiments show that when there
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is a change of oxidation state from Co{III) to Co{1l) the electronic changes involving
the first coordination sphere are the same whether they are in the solid or in solution.
The work on solid state voltammetry highlighted the importance of the negative
counterion in the electrometric behaviour of the cation. The voltammetric response
could vary from zero 1o significant values, depending on the nature of the anion in
the crystal. In the case of the anion BPhg, the nature of its influence on the
voltammetric response arises from it hydrophobic properties.

Me

As
(j; ;@
i
T =5
Me-As AsMey

bis{24{dimethylarsinoipheny methylarsine
{64)

[('o(mtas)zJJ’ NS [Co(mtas}z]z*
[Co{mtas)zlz* - & === [Co{mtasy|”

[Co{mtasy]™ 4 c'ﬁ[(ﬁo{nﬁasb]e

(63)

1.9 Complexes with halide and pseudohalide donor ligands

The kinetics of the light-induced replacement of azide in the complex anion
[Co(CN}(N;)I*~ by SCN  in aqueous solution have been found to be affected by
the nature of the counterion: Li . Na ", K™ and NH, [111]. The ratio of aquation:a-
nation was found to be inversely reluted to the hydrated radius of the cation.
The  crystal structure  of  the  complex  frans-bis{isothiocyanato}-
bis{ethylenediamine)cobalt({ I} } thiocyanate has been determined | 112].

2. Cobait(H)
2.1 Complexes with nitrogen donor ligandy

Solvent exchange reactions which take place between Co?* icns and ethylenedia-
mine have been carried cut with cthylenediamine as the solvent [113]. The methods

chosen to study the system were "N, '*C and 'H NMR spectroscopic line-broaden-
ing. This aliowed the determination of the solvent exchange rate constant, &,.. which
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at 298 K=54x 10°s 'Y, as well as AH'=56.5kJmol "}, AS*=16J K "mol ! and
AP =09 cm? The values of &, are compared with those available for corresponding
solvents which are potentially monodentate ligands and these are generally larger
than for ethylenediamine. The AH* values for the metal ions studied alongside
Co?* {Mn??, Fe® ) show that there changes are much more pronounced for the
didentate species thun for monodentate. The A¥? values, which are a useful guide
to the mechanmism of reactions, show that there is not a change from an I, mechanism
te an 7, mechanism in moving along from Ni2* to Mn?*. The authors attribute the
differences in the behaviour of potentially didentate ligand solvents with those which
are potentially monodentate to the chelate effect and in terms of what they term the
“kinetic chelate strain effect™.

The structures of a number of glyoximate complexes of Co{1l) have been inferred
from NMR and IR spectroscopies and magnetic measuremenis [ 114,115, The X-ray
crystal structure of [py(n'-Ac0),Co( #-H,03{ -0, 0-AcO),Col{n*-AcO),py] (66) has
been determined [116]. The structure turns out to be asymmetric with one water
molecule and two acetutes as bridges between the two Co atoms.

(66}

The kinetics of the formation and dissociation of the 1:1 complex which is
produced by reaction between Co®” ions and 2.2-bipyridine have been investigated
using fast reaction techniques [117}. In addition, the ternary complexes between
2.2"-bipyridine and Co®' complexes of a range of ligands viz. polytriphosphate,
nitrilotriacetate. -cthylenediamine-¥, ¥-diacetate, cthylenediamine- V. ¥'-diacetate,
triethylenetetramine and 2.2".2"-triaminotriethylamine. These data allowed compari-
sons to be made with similar reactions with other metal jons. particularly Ni**. The
data were interpreted in terms of (67). When a steady-state approximation is applicd
to this description of the system, then 1t is possible to express &, in terms of the rate
constants in Eq. (8).

ke =Kokaskaailkay +kaa)  (in which K =k,/k,). (8}
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ki2
L3

[Col(HyO)g-ny + L-L {L{H20)}(4.n)Co(OHz)2 ....L-L}

L(HQO)(4_H)CO<I [L(H20)(5-mCo-L-L] + HyO

(67)

The values of &; may also be statisticully adjusted to give A} so that they reflect
the different numbers of replaceable waler molecules in the molecules and thercfore
aid comparisons between different species. Log(4f) has a linear relationship and the
electron withdrawing ability of the ligand in an equation which includes terms which
express “accelerating’ effects, g,. describing the effect of cach N atom and «,. effect
of pyramidally bound ligand and “retarding” effects. ». a steric term and r, an
electrostatic term { Eq. {9)).

log,, ki =logg AF + pety +ay+1y + 715, (9)

where p is simply the number of N atoms. 1In comparison to the Co(1l} and Ni(Il)
systems. it is «; which accounts for significant differences between the two. The
solvent structure around Co®' ions in 4- and 3-methylpyridine solutions, studied
using EXAFS shows a six-coordinate octahedral arrangement [118]. This contrasis
with the tetrahedral four-coordinate arrangements found in similar solutions of
Zn?' ions,

A range of Colll) complexcs of the ligand 2.4-bipyridine corresponding 1o the
formulae:; [CoLl,CLiOH.),]. [Col,BralOH;),] L 4H,O. {CoL,(OH ) ]LA NO,},
and [COLOH,LKCIO,), - 2H,0 have been prepared and characterized [119]. The
X-ray crystal structurce of the complex tris{2,2-bipyridyl-5.5-dicarboxylate-NM )-
cobalt{I11) {68} sesquihvdrate has been determined [120].

The pyndine complex [Co{CHNL,HCIHPF,) has been isolated from a reaction
mixiure containing an aqueous mixture of cobalt(11) acetate, pyridine. acetic acid,
ozone and ammonium hexafluorophosphate [121]. The X-ray crystal struciure shows
that the cation has a planar arrangement of the py molecules around the Co.

The preparation of the first simple binuclear g-oxalato complexes of Co(lI1)
has been described [122]. The complexes were [{NHCo{C,0Co(NJCIO,},.
where Ny is N N-bis(2-pyridylmethyi }-1.2-ethanediamine, bispicen. N V'-bis¢2-
pyridylmethyl }-1.3-propancdiamine. bispinctn, and N, N'-bis( 2-pyridylmethyl }-¥, N
dimethyl-1,2-ethanediamine. hispicMe.en. These were prepared by reaction of the
hydrochioride of the ligand with CoCl,-6H,0 as yellow-pink crystals. The X-ray
crystal structure of the complex [{ bispicemyCo{C,0,)Co{ bispicen}(C10,}. - H;O, in
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(68}

which bisicen is {69}, shows that it crystallizes in the triclinic space group Pl wiloh
one complex cation formula unit in a cell with «=8832 Ab=9.297 A, ¢ =13.045 A,
a=108.01", f#=98.48". and y=93.31". The structure {7Q} consists of a six-coordinate
arrangement arocund the Co with the two cobalt atoms bridged by two planar oxalate
groups. The Co complex was studied as one of a series of first row transition metal
complexes of these ligands and in addition to structural information, magnetic
measurements were carried out and the room temperature values of the effective
magnetic moments for the complexes were in the range 6.7-7.2 . rather larger
than in “normal™ Co{ll}) complexes. There was a range of J valucs for the ions
Mn(l1), Fe{ll), Cof{li}. Ni{Il) and Cu{il). giving J values of about 2. 6. 18, 33.
and 2 em 7Y respectively. a variation which the authors attribute to magnetic inter-
action between the d{x?— )’} orbitals of the metal ions in the complex.

The reduction of CO, remains an area of active study and the plunar structure
and hydrophobic nature of 2,2:6°.2":6 ",2"-quaterpyridine (gtpy} and the electro-
chemical  advantages that might give have prompted a study of complex
[Co(gipy){OH,L)[CIO,l,  which has been prepared by the reaction of
CotCl0,), - 6H,O with gtpy In acetonitrile [123]. Cyclic voltammetric studies
of [Co(qtpy}{OH,),]*" in acetonitrile show that for the couple
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70)

[Colgtpy){OH, L} ™'~ E,,=0.67V versus SCE with a further couple at —0.96 V.,
which is assigned to a Co™ /Co® couple and the suggested processes involved are in
Eq. {10}. The complex could be electrodeposited onto an electrode surface and this
electrode as a multilayer by controlled potential electrolysis of & solution of the
complex ai —1.65V, when a complex concentration of =0.2 x 102 mol dm ~* was
used. This modified electrode has been shown to be active in the reduction of CQO,
to Co at - 1.7V with a current efliciency of 80% with a turnover of catalyst of
about 20 cycles. It is clear from other experiments performed that it is the Co
complexes on the surtace of the electrode which produce the catalytic effect. These
experiments were carried out in acetonitrile, but other experiments showed that the
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catalytic activity towards CO, reduction also operates in aqueous solution.

Couple t [Colgtpy} H,0),1° +¢” 2[Cofatpy)(H,0),}" {1}

slow

{Colgtpy{ H,0}).]7 2 [Colqtpy]™ + H;0

Coupie 2 [Co(gtpy}] ™ +e ™ &[Colgtpy)].

The complexes {Cot TAYX,] and {Co{TA),X,). where TA =1.2.4-triazole and X =
Cl or Br have been prepared and characterized [124]. They are shown to exhibit
antiferromagnetic behaviour.

Catalysis for the electroreduction of dioxygen in fuel cells may be produced by
adsorbing tetracarboxylato cobalt{ 11 ) phthalocyanine on carbon black followed by
heating to a temperature between 100 and [100 °C [125]. Although the highest
catalytic activity is found when the adsorbed species was heated to between 500 and
700 C. the resulting electrodes are not very stable. In fact. the most stable electrodes
were produced at temperatures at the higher end of the ramge studied,
where significant decomposition of the complex has occurred and where coball 15
present o some exient as the metul and/or oxides and that this may atford some
proteclion to the clectrode. Both cobalt{ll} phthalocyamnetetrucarboxylic
acid {[CoPc(COOH 1,1} and  cobalt{1l) phihalocyanincoctacarboxvlic  acid
{[CoPc{COOH )4]) catalyse the autoxidation of 2-mercaptoethanol [126]. The cata-
lytic reaction 15 promoted by 2.4-ionene. Key features in the process are the dimeriza-
tion ol the [CoPc¢{COOH ), ] and the loss of the g-peroxo complex which is not
catalytically active in this process when 2,4-ionene is present produces an increase
in rate of the oxidation by a factor of about 40,

For the complex calions bis{ terpyridinejcobalt( 1), {i}. and
bis(2,6-¥-NHCH, _pvridinedicarboxaldimine}cobalt{11), {ii}, the absence of any
excess ultrasonic absorption in water (and methanol in the case of the former) is
taken to show that there is a spin-equilibrium time of <2 ms [127]. Using measure-
ment of magnetic moments of solutions of these two complexes over 4 range of
temperatures the following thermodynamic parameters were determined. For (i)
in methanol, AH =8713kJmol™' and AS =2646JK 'mol !, and in
water AH =i64kimol ' and AS =5484)K 7 'mol'. For f{ii} in
methanol. AH =1145kImol ' and AS =3048JK 'mol™'. und in
water AH =17.18kJmol ' und AS =4535JK 'mol"!, The complex
bis{ 2,6- ¥-NHCH ;-pyridinedicarboxaldirmne}eobalt{ 11} in methanal and water and
for bis(2.6-tert-butylpyridinedicarboxaldimine)cobalt(11) in methunol there was a
significant c¢xcess sound absorption. which the authors suggest may be due 1o a
dechelation process occurring.

When the lgand 2.3,5.6-tetra{ 2-pyridyl )pyrazine (tppz} (71) is reacied with
CoCl,/NaCl a mixture of polynuclear complexes were produced [128]. When the
mixture is recrystallized from acetonitrile 1 linear polymer wus produced in which
the Co was found to be present in three different chemical environments. The
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complex was shown to be [{{ 1-Cl 1,(MeCN }Co(tppz)Co{CoCly)} J. The X-ray crys-
tal siructure has been determined.

(7))

(72)

A so-called “‘half-sandwich™ structure for a Co complex involving hydridotris{ pyr-
azoyl)borate ligand has been prepared [129]. The ligands used were
hydridotris{ 3.4-diphenyl-5-methylpyrazoyl }boratc  and  hydndo{3,4-diphenyl-
S-methylpyrazoyl{ 3-methyi-4,3-diphenylpyrazoyl yborate. The X-ray crystal struc-
ture of the complex Co[BH(3,4-Ph,-3-Mepz};] (72) has been determined. In related
work, the complex [Tp*™]CoCNS has been prepared, in which Tp*™ is tris[3-( p-
anthyl )pyrazal-1-yl Jhydroborate [130]. The reactant used was T Tp*™ and the
crvsials used for the Xeray structure determination were found to contain about 6%
of this species which had cocrystallized with the complex. It 1s surmised that the
cocrystallization occurred because the disordered site can be contained within a
pocket in the tris(pyrazoyt yhydroborato higand. A range of complexes of the form
[M(NH;},{-H,B{CHN,},} 5], including that of Co{il} have been prepared [131].
The result is a series of two-dimensional polymers utilizing the ligand {73). In this
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structure the metal is octahedrally coordinated to the two trans NH; ligands and
four HaB({CHMN,}; ligands.

(73)

It is reported that polymeric cobalt( H) phthalocyanine is a much better catalyst
for the oxidation of the sulphide ion than is the monomer [ 132}, Reversible dispro-
portionation of the form has been observed in alkaline solution (Eq. (11},

2Co* " =Co " +Co*’ {1

Cyanogen {in excess) reacls in an autoclave at room temperature in chloroform
with complexes (phthalocyaninato)- and {2,3-naphthalocyaninatojcobalt(1l)
complexes  {t-Bu),PeCo, 2,3,9,10,16,17,23.24-(C-H,)sPcCo, 1.4.8,11.15,18.22,25-
{C-H,5)4PcCo, and (1-Bu), 2,3-NcCo [133]. The knack in carrying out these reactions
is that since the porphyrin reactants were insoluble in chloroform, they were peripher-
ally substituted with ters butyl group or similar. which made them soluble and hence
able to react with the cyanogen. The products are largely cyano-bridged oligomers
{(mac)Co{CN)],. where mac=Pc or 2.3-Nc. The complex [(7-Bu)s-2.3NcCo{CN}],
has an extremely high conductivity of 8x 107 *Sem L,

The kinetics of NO loss from nitrosylcobalt{ 11 jtetraphenylporphyrinate have been
studicd on the femtosccond timescale and above [134]). When measurements were
made on the femtosecond timescale, two exponential precesses having rate constants
of 4.7 x 10 and 9.0 x 1019 5™, The second of these was attributed to the vibrational
cooling of the freed porphyrin. while the first was attributed to the conversion of
one of the states localized on the porphyrin n system to a metal centred electronic
state. This leads to the conclusion that loss of NO from this species results from an
extremely rapid process indeed. In order to prebe the effects on the electronic
structures of porphyrins of distortions of the ring the X-ray crystal structure of the
complex [5.10,15,20-tetrakis( heptafluoropropyl yporphinatoJcobalt(Il} (74} has
been determined | 135]. The information from this structure, the electronic spectra
of the complex and that of the free ligand. it has been possible to show that non-
polar conformations do not greatly influence the electronic properties of these
electron deficient. non-planar ligands. When corrolato or porphyrinato specics are
produced by the reaction of 2-a-hydroxyalkyl ypyrroles with Co?~ the type of tetra-
pyrrole produced depends very much upon the extent of steric hindrance produced
by the substituenis on the starting material [136]. Wheo the pyrroles shown in (75)
were reacted with trifluoroacetic acid, sodium acetate, cobali{11} acetate and triphe-
nyl phosphine, 3-cthyl-4-methyl-2-(a-hydroxybenzyl jpyrrole-3-carboxylic acid {a)
produced [(triphenyiphosphine){ 5,10,13-triphenyl-2.7.12.17-tetramethy!-3.8.13,18-
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tetraethylcorrolato)cobalt{ 111}, [Co{ TMTETPC ){PPh;)] (76} which has aiternate
Me and Et groups in the S-pyrrolic positions, {b) produced octamethylporphyrin,
{c) gave etioporphyrin and {(d) did not show any sign of cyclization.

(74)

Compounds of the type [Cr{III },M{II1}Ot MeCO,)4{ py);].py show an unexpected
increase by a factor of about 2.3 in M(1I11)-M(II1) spin- spin exchange interaction
as measured from the magnetic properties rather than the expected decrease [137].
In order to ascertain whether the cause of this effect lay in the consequences of
polarization of the gj-oxygen atom and the effect of this, in turn, on the structure
of the M;0 triangle in the structure of the compounds, an attempt was made to
determine the structure of [Cr(I11),M{113OQ(MeCO,}{ py}s].py with particular refer-
ence to this part of the overall structure. X-ray crystal structure determination is
found 1o be hampered by the effects of long range disorder in the crystals. EXAFS
was. therefore. used to study the Cr(II1}Co(11) compound utilizing both the Cr
and the Co K-edge, since it does not suffer from the long-range disorder problem.
Although the structural data showed that there were small distortions in the appro-
priate geometry in the structure, these were insufficient to ¢xplain on their own the
observed magnetic effects.

Reductive electrochemical polymerization of a dinuclear cobalt complex with
pyrroie substituents has been used in the preduction of metallopolymer films {138].
Unusually, the mechanism of the polymerization appears to involve the cleavage of
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Cn, CH LT, ch, CH,
X% N CHIOHKC, I, NGO N CHLOHD
+|| H
{a) {b)
o, G, L, I
X N CH,IOH) o T CHIOHCH,
[
0 H
{c) {d)
(75)

I{ephenylphosphme)(5.10,15-triphenyt 2,7,12,17- tewamethyl 3,8,1 3,1 8-teraethy! cormolatoeobah(]11)
ICo{TMTETPC)PPh3]
(76)

the pyrrole rings of the complex. The polymer has some useful properties. in that it
ts an eleetrical conductor when reduced and is also electrochromic.

A readily used, sensitive and specific method of determining ascorbic acid is badly
needed. A possible method is the solid state membrane electrode based on the
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complex [{4.4' 4" 4" -tetra-rert-butylphthalocyanine)cobalt (11} [139]. The electrode
is usable over a concentration range of 2x 107 to 1 x 10~* mol dm ™3 The kinetics
of the reaction between pyridine and [Co(Pc}] in dmso solution at 25 *C have been
investigated [140]. The reaction was found to be biphasic. with, {under suitable
conditions), two consecutive pseudo first order reactions. The final product is
[Co(Pe) py),]. The equilibrium constants for each of the steps were found to be
Ky=160dm* mol ~! and K, =15 dm* mol ~' for the formation of [CoPc({ py}{dmso)]
and [CoPc{py),]. respectively. The fact that cobalt phthalocyanine is an important
feature of the Li/SOCH battery has led Bernstein and Lever to investigate the
reaction of tetraneopentoxyphthalocyanine, Co{ TnPc? ™) and SOCI, [141]. The reac-
tion between cobait( I} tetraneopentoxyphthulocyanine and thionyl ¢hioride was
carricd out in 1,2-dichlorobenzene with the strict exclusion of water, HCI and
SO,. When the two were mixed. there followed a reaction which was complete in
less than [s. and which resulied in loss of Co{TnPc? } in a two-electron redox
process where the oxidation products consist of a mixture of CLLCo{lII }{TnPc' ™)
and (SOCL)YCo{Il}{TnPc? ) {Eq. (12)). The term SO is used by the authors to
mean some initial reduction product of SOCI,. The reaction was followed using
stopped flow kinetic measurements. Only &, + &, could be determined and a value
of (8140 M ~!s™! was obtained. This very fast reaction was followed by a very
much slower reaction. taking many minutes to complete. Possible reaction pathways
are then those in Eq. {13} and by losing SOCI, followed by the &, pathway shown
in Eq. {12). These give rise to the rate expression (Eq. £ [4}). The value of &, derived
from this is [.51 M 's '. Estimates were made for the other rate constants. The
presence of HCI added to the reaction mixture causes 4 100-fold decrease in rate
due to the formation of the species Co{[13{ TnPe? ™ 1.HCI which prevents the forma-
tion of the SOCt; adduct.
lkl

Co(11)YTnPe(2 — )+ SOC1; — CLCo{I1)TuPe(1 -3+ ~SO™ {12}

LF
Co(l)TaPe{2 —) + SOCI; — (SOCL W Co{ll YTnPc(2 -},

[

Ky
(SOCLICo{11)TnPe(2 —)-» CLCo{IH }TnPe(1 —)+ 507 {133

3

{SOCI,)Co{ 11 YTnPe(2 — )+ SOCT, - ClLCo( HITnPe( I —

+750" +SOCL,
kobs:klk 2_,"“(&] -r-fszj-l-k;-l—kﬂSOC]E] {]4)

The X-ray crystal structure of many porphyrins show that they have a non-planar
structure in which there is 2 cavity, the presence of which influences the chemical
and physical properties of the molecule [142]. By using a combination of 'TH NMR
spectroscopy and molecular mechanics caleulations, it has proved possible to show
that the conformations of seven dodeca-substituted porphyrins (77) are similar in
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solution and in the crystal and that the molecular cavities seen in the crystal structure
are still present in solution. This conclusion has considerable importance in terms
of the behaviour of porphyrins in solution. Variable temperature NMR studies in
this work showed that the cavity structure in solution was, however, fluxional
because of the effect of macrocyclic inversion in some of the porphyrins studied. It
was also shown that, like the planar porphyrins, these non-planar molecules are
able to form m-complexes with molecules such as 1,3,5-trinitrobenzene.

In dhe porphyrns studied: R = CgHy Ry = CHy In the porphyrins siudied: n=1 R = CgH,(3,4.5-OMe)
R- CgHs Ry = CHaCHy n=2 R - Cghg
R=Cgls Ry - CHZCH2CH n=3 R -{glis
(77)

(78)

A new ‘‘octopode™ cobalt({Il} complex has been prepared [143]. The new ligand,
calix[4]resorcinarene-bipyridyl podand. (78) has been prepared by the alkylation
of 2.8,14,20-tetra{methyl Jcalix[4]resorcinarene  {79) with 6-bromomethyl-6-
methyl-2,2"-bipyridine (80). The turquoise blue Co{Il} complex was prepared by
the reaction of this compound with CoCl, in a mixture of MeOH and CH,Cl, under
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3
y \

[

AN
Hr

(80

an N, atmosphere and was found to contain eight CoCl, groups for each molecular
formula.

Some new 16- and 18-membered tetraazamacrocycles have been prepared and
their corresponding Cofll} complexes characterized {144]. The ligands were made
by the condensation of phthalic zcid with primary diamines followed by reduction
with LiAIH, which resulted in the corresponding tetraazamacrocycles. The com-
plexes produced were of the form [Co{L}Cl,]. The same group have also prepared
a range of 14- to 22-membered tetraoxomacrocyelic tetraamines, producing Co(lI)
complexes of the same stoichiometry as the above [[45]. The ligands (81) were
prepared by the reaction of some aliphatic diamines of the type H,N{CH,},NH,
(wherc #=2 or 3) with dicarboxylic acids n the presence of {dicyclohexyicarbodii-
mide) and [4-(dimethvlamino)pyridine]. In all. four reddish-brown cobalt(11) com-
plexes of the ligands L.'. L% L* and L* [defined in (81)] were prepared. Both the
ESR and electromic spectral data are consistent with a low-spin octahedral environ-
ment for the Co(Il}).

A range of red-green dichroic crystals of the complexes based on the variations
to the ligand papyH. pyridine-2-carbaldchyde pyridin-2-yihydrazone (82), which
are of the form [Co(papy),} and alse |Hpapy][CoCl,], have been prepared by
electrochemical oxidation of cobalt in an acetone solution of the ligand [146]. The
ligands were produced by the alteration of the substituents R! and R both in
terms of their nature and the position of R? on the pyridine ring. The advantage of
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Complexes prepared: \[/ \(

L} X=(CHap Y=(CHop
12 X=(CHyyz Y~ (CHal3
[3 X=(CHa); Y =(CHy)g

L4 X~ (CHy)3 Y =(CHp}

(81)

{82)

the electrochemical synthesis in this case is that conventional chemical synthesis is
susceptible to oxidation, whereas the method described in this work readily produces
very good crystalline products in high yields. Measurements of magnetic moments
were carried out over & range of temperatures and these showed that some of the
complexes obeyed the Curie--Weiss law, while others showed anomalous behaviour.
Furthcrmore, some of the complexes behaved as expecied for low-spin species, i.e.
very small variations with temperature. while others were clearly showed high-spin
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behaviour. At least in part. high-spin behaviour is attributed to steric crowding in
those complexes where it 1s observed. The same author has used a similar technique
to produce a series of cobalt{1l} imidazolate and pyrazolate complexes with yields
in the range 50 -100% [147]. The violet {or orange in the case of Co(lll} species),
high-melting powders which were preduced were found to be air-stable and insoluble
in most solvents, though slightly soluble in dmso. The complexes were of the
type [Co{ll}{Iz),] {where lz=imidazolate): [Co(ll}Melz},] (where Melz=
4-methylimidazolate): [Co{I1)}(Pr{i)lz},] (where Pr{i)lz=2-isopropyhmidazolate):
{Cof{lll Mpylz},) (where pylz=2-(2"-pyridyl)imidazolate); [Co(lll}(Pz),) (where
Pz=pyrazolate}, [Co(llI}{CIPz),] and [Co{llI{IPZ},] (where ClPz=
4-chloropyrazelate; 1Pz =4-iodopyrazolate}; [Co(ll ¥ Me,Pz},] (whereMe,Pz=3,5-
dimethylpyrazolate) und [Co(11}{ BrMe,Pz},] { BrMe,Pz = 3,5-dimethyl-4-
bromopyrazolate). From the IR spectra, the absence of N-H stretching bands was
taken to imply the absence of protonated diazoles, in keeping with some sort of
polymeric structure. Plots of g against temperature from magnetic measurements
showed that these complexes obeyed the Ising equation of ini¢racting S= 3,2 spin.
The magnetic measarements also support the polymeric structure. The reaction of
glycine with o-hydroxybenzaldehyde yields a new tridentate Schiff base [149]. A
series of mixed-ligand complexes which were found to have the general formulue
[CotSB)M L);lin which SB=_Schiff base and L=quinoline, isequinoline, 2-picoline,
4-picoline and pyridine.

A range of di-(5-substituted-salicylidenc)(cihylenediamine} cobalt{I1} complexes
are found to be metallomesogens [150]. Their properties have been investigated by
a aumber of techniques. including optical, X-ray, DSC and magnetic susceptibility
metheds. Some of the complexes react with dioxygen and whether they are active
or inactive and the process involved was investigated using X-ray diffraction.

A series of complexes of six metal ions, among them Co(ll) of the macro-
cyclic ligands NV, N V7 -tetrukis{ 2-hydroxyethyl }-1.4.7, 10-tetraazacvelododecane
(THEC-12) and N NN N"-tetrakis(2-hydroxyethyl)  1.4,8,12-tetraazacyclo-
pentadecane (THEC-15} have been investigated kinetically [151].The formation
constants for each species were measured and showed that the presence of a
hydroxyethyl group in the complex appeared 1o have a significant destabilizing
effect. The kinetics of the loss of the ligands from the complexes (decomplexation)
were measured and for the [M{(THEC-12)]*" complexes the rate law was that given
in Eq. (15).

kobs=ko+!‘fH[H‘]- (13}

In Eq. (15),at 2982 K, A,=3.06x10 s 'and ky=61.4dm* mol ~'s" ' when M =
Co. The corresponding reaction for {[M{THEC-15}]*" complexes where M =Co or
Ni. was very slow, having a half-life of more than a day.

The 1:1 complex between Co(ll} and 2.58,11-tetramethyl-2.58.11-
tetragzadodecane has been prepared and investigated using 'H NMR spectros-
copy | I52]. Analysis of the paramagnetic NMR spectrum has allowed the authors
to assign all the paramagnetically shifted signals to methylene and methyl protons.
The effect of temperature vartution on the NMR spectrum has furnished information
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about the dynamic propertics of the complex in solution. A structure is proposed
in which the four donor nitrogen atoms are occupying the equatorial positions of
an octahedral distribution around the Co. The presence of the Me groups on the
ligand appears to prevent its having any reaction with dioxygen.

A dinuclear complex, {Co,ClLL;]-C,HsOH 1s the product of the reaction of
Co(1I} with the species [4-(2"-methylene-benzimidazole-yl -1° 4'-dinitrogencyclo-
hexanel( 1.2 )-benzimidazole dissolved 1t ethanol [153]. The X-ray crystal structure
{83} shows that there is a tetrahedral arrangement around the Co atoms with the
environment consisting of two N atoms and two Cl atoms and benzimidazole bridges.

(83)

The Co(ll) complex of 3-cyano-1. 6-dihydro-4-methyl-t-p-tolyl-6-oxopyridazine-
3-carboxylic acid hydrazide is onc of a senes of such complexes of first row transition
metals which has been prepared [154]. This complex has the form [CoL,]-»H,O
and the ligand is tridentate. Reaction of bis(A,-2-imidazolinyl) with cyanogen-di-
N-oxide yields the potential ligand bis(A,-2-imidazolinyl }-5,5"-dioxime [155]. This
reacts with Co(I1}) to produce [CoL,) and reaction of this with Cu(I1} produces z
trinuclear complex of the form {{HL},Co{11}Cu{I1},Cl,].

As part of a search for models of coordination of metal ions to active sites of
proteins and other biologically active molecules, the X-ray crystal structure of the
species  trichloro({ 1 H-benzimidazol-2-yImethyl }ethyl tammonium-N-3[cobalt{ [}
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(84) and (85) has been determined [156]. The complex has the ligand bonded to

the Co in a monodentate fashion through N and the other three positions occupied

by Cl atoms. This results in a distorted tetrahedral arrangement around the Co.
The X-ray crystal structure of the complex [Co(L-N,Mep)Cl,] formed by reaction

a=f
¢l

Trichloro| 1 H-bervimidazolke-2- ykethy))ethyllammonium-N- 3 leobalt(11)

(84)

!
he—™ N— M
*
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of N N'-dimethyl-2.11-diaza[3,3){2.6)pyridinophane (86} {L-N,Me,} with Co(Il)
has also been determined [F57]. The structure shows that the complex centains a
cis-octahedral coordination geometry at the metal site which the authors attribute
to the fact that the 12-membered ring of the ligand has only 2 small cavity. The two
axial sites are occupied by the amine N atoms of the ligand, while the pyvridine N
atoms are to be found in the equatonal positions, with the other two places being
taken by the two Ci ligands. The X-ray crystal structure of the ligand was also
determined and it was found to have g characteristic “folded™ structure in a
chair-chair conformation with equatorial Me groups.

The reactien of 2-aminopynmidine and CoSQO, - 7H,0 in aquecus solution leads
to the production of pale red crystals of bis[triaqua{2-aminopyrimidine}-z-sulphato-
O.0'-cobalt(11)] dihydrate, [Co{2-AP)(H,0),80,], - 2H,0 [158]. The crystal struc-
ture of this moiety was determined by X-ray diffraction. This shows that the complex
is dimeric and the two Co(II) units are bridged by two sulphato groups. The thermal
analysis of the complex as studied using thermogravimetry showed that the final
product was Co,0,. which was produced by four distinct steps. as shown in (87).

[Co{C4HgN3XH; 013504 H0

i 3H-0 60 - 200°C

[Co{C4HsN3)(H0)3804]

* -Hz( -HCN 200 - IROOC

[CoHCaH4N~ 180 4]

l -CoHy -HyNCN 380 - 6650C
[Co(SCq)2)

l -803 665 - 9850C
Cou204
Thermal Decomposition of [Co(2- APYHp0)3804])7 2H,O

(87}

Reaction of anfi-dichloroglyoxime with sym-bis{p-aminopheny! Yoxamidine and
sym-bis-4-{4"-aminobiphenyl yoxamidine yields two new polymeric bis(oxamidine)di-
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aminoglyoximes [159]. They form complexes with Co{ll} and thesec have been
isolated and characterized. Complexes of the type [Co{vn2bz}{ H,0),Cl,],Cl,, where
vi2bz = bis(vanillin)benzidine have also been isolated and characterized by a variety
of techniques [160]. Coordination to the Co 15 through the azomethine N atoms of
the ligand, giving what 15 belicved to be a tetrzhedral coordination environment
around Co.

The complex dichloro( 2-{4-ihiazolyl - 1H-benzimidazole)cobalt( 11 ) monohydrate
[CoClC,,H-N,8); - H,O] bas been prepared and characterized [161]. The X-ray
crystal structure (88} and (8%) shows that the Co is surrounded octahedrally by two
didentate 2-{4-thiazolyl)-1 H-benzirmmdazole ligands and the other two positions are
occupied by the Ci atoms. The bonding of the ligand is through the thiazolvt and
benzimidazole ring N atoms which are in a ¢fs configuration,

{88)

A distorted trigonal bipyramidal structure around the Ce has been found for the
dark blue complex {N;P,Ph,Pz,}CoCl,.0.5CH,CI, [162], where N.P,Ph.Pz, is
2.2-diphenyl-4.4,6.6-tetrakis(1-pyrazolyl ) cyclotriphosphazene {90}. The X-ray crys-
tal structure of (N,P,Ph,Pz,}CoCl,. (91). shows that the bonding of the ligand is
through the pyridine N atoms at two of the equatorial positions, while one of the
axial positions and the remaining equatorial are occupied by the two Cl atoms. The
remaining axial position is occupied by a cyclophosphazene ring nitrogen.
The pyrazoyl rings were found to be planar and the cyclotriphosphazine ring non-
planar.

Eight compounds  with  general formulze [CoX,L]. [CoXL,}IX.
[CoX,L,;]). [Col;]1X,. where X =Bro™. C17, NC§8~, C10, . where L =0-methyl-
pyridine-2-carboximidate, have been obtained [163). The structures of these com-
plexes were tentatively assigned using various physical techniques as have a pseudo-
tetrahedral, octahedral or tetragonally distorted arrangement of the donor groups
around the Co.
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N3P3FhoPz,

on

The ligands shown in {92} are collectively referred to as tropocoronands. The
new ligand N,N-bis{ pyrazol-1-ylmethyl }benzylamine (93) has been synthesized and
from 1t the complex [Co{L)X,]. where X is Ci~, Br~ or NCS™ have been prepared
f164]. The X-ray crystal structures of the Ci~ and NCS~ complexes show that the
geometry around the Co(I1} lies between trigonal bipyramidal and distorted tetrahe-
dral. These have been used to produce a series of Cof{ll}) complexes [165]. X-ray
crystal structures have been obtained for [Co{TC, ], where n#m=3,3; 44 4.5; 5.5;
and 6,6, The structure of the binuclear complex [Co,{ p-OAc{ ;i-OH 3{ Tc -3 has alse
been determined and found to have a bridging acetato and hydroxo group lying on
cach side of the ligand plane us shown in (94). The X-ray crystal structure of the
Co{ll) red complex [{CoCl{NPEL,}},] has a heterocubane structure, illustrated
diagrammaticaily in (95) [166].

A number of new M (I} complexes. including that of Co(II) have been prepared
by the reaction of formaldehyde with 4-hydroxy-L-proline while it is coordinated to
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nm=133;34, 44:556/6, 7.7

(93)
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(95)

the metal [167]. This results in an N A’ -methylenedi(4-hydroxy-L-proline) complex,
Co[My{OH-Pro},] (96). In this complex the amino N atoms are joined by the
methylene bridge.

2.2, Camplexes with oxvgen donor ligands

The most deceptively simple oxygen donor coordination compounds ot Co{ll)
are of course the aqua and hydroxe compounds which often form the starting peint
for the synthesis of other coordinalion compounds. A new form of cobalt{Il)
hvdroxide has been produced electrochemically from solutions of Co(NQ,), which
also contain speeies such as glucose, fructose, lactose, glycerol or citric acid [168)].
In strongly acid selution Co(ll} ions catalyse the decemposition of H,(, and
peroxomonosulphate ion {HOOSO ) and the kineties of this process have been
investigated [ 169). The overall stoichiometry of the reaction 1 represented in Eq. (16}
with a rate law (Eq. (17)} derived from the kinetic investigation. There is clearly a
link between the two peroxe species in mechanistic terms, since the behaviour in the
mixture is significantly different from that scen when only one of the peroxo com-
pounds is present. so the k™ in the above equation Is some six times larger when
H;03; is not present. The mechanism proposed 1s shown in Eq. (18) and it indicates
the ittermediacy of Co{l11} which is trapped by H,Q, forming the peroxo radical.
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HOOSO, + HOOH -0, + H,0 + HSO, ,

_ [HOO0SO;] ‘. { [Ca?” [HOOSO; | }
di [H"]

Co** +H,02CoOH+H-

CoOH + HOOSO; »Co0 " +H,0+80;

CoO' 4+2H" —»CO(IH}+H,0

Co*™ +80,;  —=Co(1ll}+803"

Co(111) + HOOSOQ, —Co?™ +H* + 0080y

Co(111)+ HOOH - Co*' +H' + HOO'

$O,~ + HOOH-»80? +H' +HOO

Q0805 + HOOH -HOO0SO; + HOO

2HOO - HOOH + 0.
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(16)

{17

(18}
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The chemistry of the solution of cobalt metal in acetic acid has been studied
together with the influence of dissotved oxidants on the process [170]. Crystals
of the complex dirubidium  rrens-tetraaquabis{carbonatojcobaltate(Il),
Rb,[Co{CO;),{ H,0),)] have been prepared and the crystal structure determined
{171]. Oxidation and cleavage of the ion cvclo-hexaphosphate(lIl) in an aqueous
solution containing ethapol and ammonia yield the compound Co,P,0, - 12H,0
[172]. The structure was found to consist of chains of {P,0] ~ ions which are
connected to each other by the Co’* ions and together with the water molecules
this results in pairs of octahedra which share edges formed by the [P;0;] ™ oxygen
atoms. The compound diiodobis{isopropyldiphenylphosphine oxide-(}cobali(I1},
[Col,{{CHs){C3H-)OP},], {97), has been found from an X-ray crystal structure
determination to contain Co which is surrounded in a distorted tetrahedral manner
by the two [ atoms and the {C Hs),(C3HHOP groups [173].

Perhaps the most common type of complexes studied using thermoanalytical
techniques are oxalates. The compound Co{ NH;NH,HC,0,};  2H,0, has been
prepared by the reaction of CoSO, with hydrazinium oxalate {174] and its thermal
decomposition studied. Cobalt(11) complexes of benzilic and mandelic csters {98}
have alsc been made and characterized using a range of techniques [175]. It is
proposed that the structures involve a distorted octahedral arrangement around the
cobalt centre. 3.4-Dichlorobenzoates of a number of first row transition metal ions,
inctuding Co{II) have been prepared [176]. Thermal! decomposition studies show
that the anhydrous complex is produced in two stages by the loss of water from
Co{C-H,;0,Cl,},- #H,;0. The same group has also determined the crystal structure
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of hexaaquacobalt{ H )bis{2.6-dichlorobenzoate} [177]. The crystals belong to the
monaoclinic space group P2, /¢ with ¢ =5.378. 5=106.144, ¢ = 30.562 A. and f=9218".
Essentially, the complex consists of [Co(H,0)}*" cations Imked to the
2.6-dichlorobenzoate anions by hydrogen bonds.

Ph

RC ¢}

For benzilic ester, X =Phand R = Me
For mandelc ester, X = Hand R = Et

(98)

A study has been carried out on the dynamics of the high-gpin
[ColI}(3.5-dtbsg);] to low-spin [Co{lll }(3,5-dtbsq}(3,5-dtbcat)l interconversicn
produced by photoinduction using picosecond time-resolved optical experi-
ments [178]. The complexes involved in these experiments were
[Cotdpbpy){3.5-dtbsq)(3.5-dtbecat)] and [Co{dmbpy}{3,5dtbsq}{3.5-dtbcat)] where
dpbpy is 4.4-diphenyl-2.2"-bipyridine and dmbpy is 4,4'-dimethyl-2,2"-bipyridine;
3,5-dtbsg and 3,5-dthcat are, respectively, the semiquinone and catecholate forms
of 3,5-di-tert-butyl-1.2-benzogquinone {99}. 1t is clear from the variation of the
UV--VIS spectrum over the temperature range 298-348 K that there is a decreasing
amount of the Co(IIf) specics and increasing amount of the Co(I1} complex as the
temperature is increased. When a 70 ps pulse at the LMCT wavelength of the
Co{II1) complex from a laser is incident on the solution there is a rapid increase in
absorbance at 720 nm and an equally rapid decrease in absorbance at 600 nm, the
time constant, , was found to be 1.15 ns for each of these wavelengths. This is
interpreted as the photolytic formation of high spin [Co¢ I1}{NN(sq),], which decays
back to equilibrium. These processes are highly solvent dependent, with transient
lifetimes varying between [.{ ns for toluene to 10 ns in dichloromethane. For the
complex containing dmbpy. the lifetime of the excited state was found to be about
8 ns in toluene.

A methed for the analysis of cobalt by spectrophotometric methods by extraction
using trifluoroacetylacetone and pyridine has been developed [179]. The coloured
complex produced zllows spectrophotometric measurement at 315 nm. A similar
method of analysis has been developed in which the extraction of cobalt utilizes
penta-2.4-dione and 4-phenylbuta-2 4-dione as complexing agent {180). The tech-
nique has the advantage that it can be used to extract Co frem a number of other
metal jons.
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R = Ph = 4.4"-diphenyt 2,2"-bipyridine

R - Me - 4.4"-dimethy}-2,2 bipyridine

(3

3.5-di-tert-butyl 1,2- benzogumone

(99)

Finding ways of removing SO, from industrial waste such as flue gases could be
crucially important in reducing atmospheric pollution and it is possible that coordina-
tion compounds of transition metal wouid have a role in any processes which are
developed for this purpose. McAuliffe and coworkers have had a long-standing
interest in the reactions of SO, with transition metal complexes and have studied
the reactions of SO, with pseudotetrahedral Co{Il) complexes of the type
[Co(OEPh;),X;] m which. E=P or As and X=Cl. Br. 1 or NCS and
ICo{OPMe;),1,), the methed used being to react the Co{Il} salt with Ph,EO [181).
Under anaerobic conditions, many of these deep blue complexes react in the solid
state with gascous SO, and [Co(OEMe;),1,], where E=P or As forms I:1 complexes
containing SO, with some change in the appearance of the solids. Some similar
reactions occur when the process is carried out anaerobically in toluene solution. In
the presence of air, [Co{OEPh;},[;| undergoes a secries of reactions. which are
illustrated in (106), that ultimately result in the oxidation of SO, to SO~ and
producing CoSQO,- H-O.

The reaction of [Co{OPMe,),],] n air with 8O, in toluene solution results in the
precipitation of pale pink crystals, which were suitablc for X-ray diffraction and
which turned out to contain both five- and six-coordinated [Co{OPMe;},{OH,),|1,
and [Co{OPMe;)5(0OH,)5]1, respectively. The crystal structures of these complexes
which had crystallized together were determined (101}, They were found to
consist  of octahedral mer-fCo{OPMey)ylOH,)5* " and  trigonal  bipyramidal
[Co{OPMe,;)5(OH,),)? ~. The authors draw attention to the fact that it is remarkable
that the structure of mer-[Co{OPMe,};tOH ;)52 features an almost linear Co O P
hond instead of the normatl bent arrangement, It is proposed that the SO, in the
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[Co{OPPhg)3I5] + 2805

l toluenerair

{(PhaPO}Ph3POHYHSO4) ~ I3 + brownsohd

l CHyCla/air

CoS04.H0

(100)

resulting complex s bonded, not directly to the metal ion, but to the ligand in
SOme way.

The compounds [Co{H,L):ZKCIO,),-2H,0 and [Coi{H,0) L. where L=
piperazine-.4-diylbistmethylene)bis(phosphinic} acid (102} have been prepared
[182]. The X-ray crystal structure of [Co{ H,L),J(C10,). - 2H,0O shows that 1t consists
of a network of Co atoms, around which, arranged in an approximately octahedral
fashion are six oxygen atems from the phosphinate groups and in which the ligand
H,L performs the role of bridging between metal atoms. The ligand is monodentate,
betng coordinated to the Co via the phosphinate groups: the structure of the cation
[Co{H,L};)* s shown in (1033, The complex [Cof{ H;O),]L has a structure in which
4 network of Cof 1) species are bridged by the hgand and the whole 1s held together
by hydrogen bonds.

For many years. the so-called nitroso-R complexes formed with cobalt by disodium
l-mtrose-2-naphthol-3-6-disulphonate (nitroso-R salt) have been used as a qualita-
tive und sometimes qualitative reagents for the detection of cobalt. It has now been
found that the Co complex forms a compound with tetradecyldimethylbenzylam-
monium wedide on a naphthalene {TDBA 7[ “-naphthalene) packed column [183].
This adduct 1s insoluble in water and the metal 1on complex can be diysolved out
of the column using a dimethylformamide chloreform mixture and the Co deter-
mined spectrophotometrically at 425 nm. Nitroso-R salt also features in a method
of analysis of Co using hexaacetatocalix{6}arene in toluene as the extraction agent
[184]. The cobalt{1l) was extracted at pH 7.4 with [0 x 10 % M solution of hexaace-
tocalix {6 yarene which was then stopped with 2 M nitric acid, and the Co determined
spectrophotometrically at 300 nm as the nitroso-R-salt complex.

Reaction of cobait{11} nitrate with H,XDK {xvlenediaminebis-( Kemp's triacid
imide}} (104) and neocuproine {neo). 2.9-dimethyl- 1.10-phenanthroline {105}
yiclded the blue erystals of the complex [Co¢ XDK ){neo}l The X-ray crystal structure
of [Co{ XDK))neo}|  3CH,OH (13CH,OH) has been determmed [185]. The
arrangement around the Co was found unusually to be a distorted trigonal bipyramid
to which three O atoms from the XDK uand twe N atoms from the neocuprine
contributed. When alkall metal salts were added to a solution of this complex there
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Cations only gre shown
(141}

H H
-OAPmCI{;— N NH-CH— o
4 TN

Piperazine-1 4-diy lbis(methy lene)phosphonic acid

(102)

were significant changes to the UV VIS spectrum which signalled the coordination
of the cobalt complex with the alkali metals. Typical complexes formed in this way
were: [KCo( XDK ){neo){PF¢)] and [Rb,Co.{ XDK){neo),t H; O} BPh,},]. The
X-ray crystal structures of [KCo{ XDK }neo}{PF.}} - 2CH,CN {2 2CH,CN} and
a]30 of [Rb,Coy{ XDK }y(neo},( H;OH BPhy),j- 2CHC, (3.2CHC,) have been deter-
mined. In the potassium compound, the K™ ion is to be found in a seven-coordinate
cnvironment of O atoms from the XDK and F atoms from the PF; . To allow this
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(103)

to happen. the geometry around the Co has to change and now becomes trigonal
pyramidal (106}.

TNOH—O
O
N N
HaXDK
{104)

The synthesis of complexes [Co(HXCA}),}-#H,O where HXCA = 2-hydroxy-o-
4-X-cinnamoylacetophenone { 107}, X =H, Cl. Me or OMe and »=0 or 2 has been
described [186]. It is deduced from spectroscopic data that coordination to the Co
occurs through the carbonyl and enolic oxygen atoms and that the structure involves
a polymeric arrangement based on an octahedral arrangement around the Co.
though it is believed that the diagua and dipynidine species are monomeric.

The homoleptic complex. Co{ AAEMA), 15 obtained when Co(NO,), s reacted
m alkaline solution with 2-(acetoacctoxyvlethylmethacrylate {HAAEMA} (109)



L
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NECCURITING

LaNChnanyzﬂj;///ﬂ (om0

(= —HU
OH -0
0>_ Co(NO3} 8HO/2EN
N 2 N PeApine
O I 0
=

HyXDK

(106}

[187]. The heteroleptic [Co(AAEMA Y AcO)] complex is formed when Co{AcO),
and HAAEMA are the starting materials. From the infrared spectra it is deduced
that the structure of this species contains a CoQ, environment in which there is an
oligomeric arrangement with acetate bridging the Co atoms. It is very air sensitive,
being readily converted into the green Co{IIl} complex. It also reacts with water to
give the blue [Co{OH }OACc)]. [Co{AAEMA),] is also proposed to have an oligo-
meric structure. but this time with f-ketoester bridging.

The complex hexapyridine- N-oxide cobalt{II) perchlorate,
ColC;HNO}CIO,),; has been studied using high-resolution single crystal X-ray
diffraction collected at 78 K. the cation is shown in structure { 109) [ [88].

Reaction of the imidazoline nitroxide free radical  4-{2-oxoethen-
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OH Q o]

X

2-hydroxy-w-4-X-cinnamoylacetophenone

X =H, CI, Me, OMe

(107)

9] O
O
Mo/\/

2-{acetoacetoxyethytmethacrylate, HAAEMA

(108)

byl 1-2.2.5.5-tetramethyl-3-in-imidazolyl-1-oxy Co{ll) acetate produces the centro-
symmetric pentacoordinated binuclear species, {Co,(Ly)) [189]. The X-ray crystal
structure of this complex showed that it helonged to space group P2,/e. with 4=
12,169, b=11.300. ¢ =15.944 A, f=101.16" and Z=2. The structure around the Co
is described as being between a square pyramidal and a trigonal bipyramidal
arrangement.

A whole range of complexes of the ligand N, N'-ethylenebis( pyrrolidin-2-one),
ebpyrr {116} have been prepared and among them are the blue
[Cofebpyrr)(NO;),(MeCN 3} (111} and the magenta [Cof{ebpyrr)Cl,], (112}, for
which X-ray crystal structures have been obtained [190}. For (111). limited data
were obtained because of its rapid decomposition: however, it was shown to have
an octahedral arrangement around the Co and contains one monodentate and one
didentate NOj, as well as the CH,CN molecule and one O atom from cuch of the
two ebpyrr molecules,

A cobalt{Il } containing heteropolyanion involving paradodecatungstate has been
prepared. The pink complex K J(Co{ H,€3),),{ H.W 50,11 14H,0 has been found
to consist of the heteropolyanion {[{Co{H,0},){ H,W 204,38~ [191]. The X-ray
crystal structure of this complex has been determined: the complex consists of a
novel chain-like structure containing four groups containing three edge-sharing
WO, octahedra. The crystal structures of 2, ET[CoW,0,,] 5.5H,0 und
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(109)

QN.(CHQ)EN;’
G O

(110)

W ET[CoW ,0,0]- 0.5CH,CN 3H,0, in which ET is bis{ethylenedithio)tetrafulva-
lene (133}, have been determined [192]. Infrared and Raman data were obtained.
giving information about the degree of ionicity. Bulk electronic properties were also
determined. It was then possible to [ink these with dynamic properties. { ESR
spectroscopy), giving electronic exchange information about the organic species and
between the organic and inorganic moieties.

2.3 Camplexes with nitrogen—oxygen donor ligands

The nature of the solvent structure around metal jons is a notoriously difficult
area of study, The solvent structure around Co” " dissolved in N, N-dimethylformam-
ide has been investigated using X-ray diffraction [193]. The cobalt in the form of
the perchlorate had in its first coordination sphere a totat of six dmf molecules. The
disposition of these was such that the distances of the O. C, and N atoms from the
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(0~

Bis{ethvienedithiojtetrafulvalene
(113)

Co?* were, respectively: 2,13, 2.99 and 4.23 A and the Co-0-C, bond angle 123",
Three 1somers of the trinuclear complex [Coz( L) 4:-OH )a( 15-O]CL in which L=
ethylenediamine- N-acetate have been prepared [194]. The structure of one of these
isomers {114} was determined by X-ray diffraction and the partial cubane core of
this complex can readily be seen.

Turning now to more tangible complexes of Co(ll} containing N-donor ligands,
the malonamato (HL —) complex trans-[CotHL),{ H,0},] is one of a series of such
species of transition metal complexes which have been prepared [195]. The X-ray
structures of the Cu(ll) and Zn{ll} complexes have been determined and this
information and the application of spectroscopic techniques to the Co{Il} complex
suggest that it also contains didentate malonamate coordinated through the amide
and a carboxylate oxygen. The thermodynamic parameters of glycine complexes of
Cof{l1} as a function of temperaturc and 1onic strength have been determined [196].
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The data have allowed these workers to develop a computer model which 1s able to
simulate speciation in this system in 4 variety of sclution environments. Salicylglycine
{115} is a metabolite of aspirin and the complex [Co{HL),] has been prepared and
characterized [197]. Infrared spectroscopic and other data suggest that the ligands
are monodentate with the Co in an octahedral environment and is bonded through
the carboxylato group. The other positions are occupied by solvent molecules
(H.O or CH,0H ).

OFl

8 WNHCH, SO0

(11%8)

F NMR spectroscopy has been used te study complexes of the type
{ELN KL[Co{ Z-Cys-Pro-Leu-Cys-Gly-X },] in which Z=benzyloxycarbonyl and
X =NHC.H,-p-F, NHC Hm-F and NHCH,CH,C;-p-F [198]. The NMR spectra
show that 1t 1s likely that an important feature of the structures of these complexes
is the presence of NH § hydrogen bonds as well as interactions between the S atom
and aromatic groups.

The success of edtu as a titrating ageni for a wide varicty of metal ion in many
different matrices lics in its ability to complex metal wons which are already bonded
to other lgands. Edwa, nitrilotriacetic acid (NTA), 1.2-cyclohexanedianne-
N NN N'-tetraacetic acd (CyDTAL. und ethylenebistoxyethylenenitniojtetraacetic
acid {egta) all act o this way by removing Co (and Ni) from complexes ol the form
bis{ heptane-2.4.6-tricnate)Ce( 1) and the kinetics of such reactions over 4 range of
pH values have been investigated using stopped flow kinetic methods [199]. The
reactivities of the complexing agents in these systems varied markedly, Thus. in the
case of NTA. there was a non-linear dependence on ligand concentiration.
Mechanisms involving an essentially associative model are proposed.

A range of ligands has been prepared by reaction of 1senifrosoacetylacetone { Hiso}
with e-aminophenol { Hisoaph}. p-ammophenol (H,isopph} or aniline { Hispanil }
[200]. When these were reacted with Co(ll) salts. the complexes [( Hisoaph},Cal,
f{ Hisopph}.Co]- H,0 and [(isoanil ),Co| resulted.

A hexanuclear Co{lIl} complex results from the reaction of coball{Il} acetate
with the sodium sult of 2-hydroxy-6-methylpyridine [201]. This complex is most
interesting because it belongs to a group of complexes in which the hgands already
bonded to u transition metal ion also bond to an alkali metal. The complex.
[Na{Co(mhP),{ HO,CCH;) ;CH,Cl, (116} has been found from an X-ray structure
determination to have Co atoms in a four-coordinate environment in which adjacent
Co atoms are bridged by hydroxy-methylpyridine ligands such that the Co atoms
fie in a planar hexagonal ring. They are bonded to two N atoms and two O atoms
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from four 2-hydroxy-6-methylpyridine molecules in each case. The sodium ions are
found at the centre of the whole structure in an octahedral environment provided
by oxygen atoms from 2-hydroxy-6-methylpyridine molecules.

(116}

In an attempt to prepare complexes of the ligand 1 shown in (117). the nickel
complex was found to have a structure containing the ligand 2 [202]. The binuclear
Co(Il} complex, Co,L{NO;),.2CH,OH-»#H,0, which is formed by reaction of
pyridine-1-oxide-2.6-dialdehyde and 1.2-diumnnoethane with Co(Il) nitrate is
assumed on the basis of infrared und mugnetic data to be a complex of 2 as well.

Cotll} compiexes of the following range of ligands have been prepured and
characterized; 5.5-dimethylcyelohexane-1.2,3-trione-2-( p-nitrophenylhydrazone).
5.5-dimethyl-cyclohexane-1.2,3-trione-2-( pchlorophenylhydrazone),  5.5-dimethyl-
cyclohexane-1.2.3-trione-2-{o-chlorophenylhvdrazone),  5.5-dimethyleyvelohexane-
1,2.3-trione-2-{o-methylphenvihydrazone} and 3,5-dimethylcyclohexane-1.2.3-trione-
2-{m-methylphenylhydrazone) [203]. Complexes of the type ML,.nB, where HL =
3-{ 2-hydroxy-1-naphthyl }-5-(4-X-phenyl )-2-1s0xaz0line. X =H, Cl or OMe, n=0or
2 and B=H,0 or py. have been prepared and characterized [204]. Evidence from
IR. electronic and EPR spectroscopies and other techniques suggest that these
complexes are formed through bonding to the tertiary nitrogen of the isoxazoline
ring and the phenclic oxygen. Ethylenediamine- N N N ¥'-tetraacetanilide (edtan)
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(117)

has been found to form the pink complex [Cof{edtan){ H;O}ClO,],- H,O-
0.5C,H;OH with Co{Il} by reaction of a suspension of the ligand with a Co*”
saft in ethanol [205). The X-ray crystal structure of this complex shows an
envirenment around the Co which is seven-coordinate, with the edian ligand behav-
ing in a hexadentate manner and the other position being occupied by a water
molecule. The arrangement results in coordination through the N atoms of the en
and the four O atoms of the amide groups. The stability constant and associated
thermodynamic quantities were determined to be logK =418, AG =
~23.85kJmol ", A =-2216kImol " 'and AS =571 K 'mol !

Reaction of 4.4"-diaminodiphenyl sulfone { 118) with salicyladehyde or 2-hydroxy-
[-naphthaidehvde resuits in Schiff bases which react with Cof{ll) to produce binu-
clear complexes containing an ON X-NO donor set [208]. The same group has
prepared Co(ll} complexes with  the ONNQO  donor azo dye. 44-
bis{ethylcyanoacetate-2-azo)diphenyl  [207]. Trinuclear complexes. such  as
CoNiCoL,(H,0), mH, 0. are produced by the reacuen of  1.8-di(2-
hydroxyphenyl 3-4,5-diphenyl-2.3,6.7-tctrazaoctan-1.3.5. 7-tetraene  with  Co(H}
[208].

A blue green complex is formed with Co(11) by 2-{§-quinolylazo)-5- ¥ N -dimeth-

o 0
/4
5

H;N NH,

(118)
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ylaminobenzoic acid. which is 1 good chromogenic reagent for the analvsis of Co
[209]. [t turns out to be very highly selective.

When  cobali{lf) acetate 15 reacted  with  Hy[H,L! (H,jH,L =
N N'-bis( 2-hydtoxy-3-tert-butyl-5-methylbenzyi)  2.3-dimethylbutane} or Hy[H,J-
L? {H,]H,]L? = N, N"-bis{ 2-hydroxy-3-tert-butyl-5-chlorobenzyl )-2.3-diamino-2.
3-dimethylbutane} in the presence of dioxygen, instead of the expecied tetrahydro-
genated complexes, red crystals of the compounds CoL! and Col? were produced
{H,L'= N N"-bis{3-tert-butyl-5-methylsalicylidene}-2,3-diamino-2.3-dimethylbutane
and H,L?= N A'-bis(3-tert-butyl-5-chlorosalicylidenc) (119} [210]. In the absence
of dioxygen, however, the complexes [Co[H,L"] und [CofH,L?] are produced and
bubbling air into u solution of either one of these produces Col.! or Col? as
appropriate. They have been investigated using EPR, magnetic susceptibility and
quantum chemical methods. For the coball complexes: CoL! and Col?® the EPR
spectra in frozen teluene were poorly resolved because the complexes aggregated n
the frozen solvent but were much improved by using the complex with py in the
axial position and this then gave well-resolved hyperfine structures, which in the
presence of dioxygen suggested that there was addition of dioxygen to the Co, where
the pyridine adducts showed rhombic symmetry and nicely resolved hyperfine struc-
tures, The authors used the INDO;2 niethod which gave resuits for the O, addition
compound 1n keeping with MO models.

The stable amon produced by the electrochemical reduction of 1. 10-bis{ [-phenyl-
3-methyl-5-hydroxy-4-pyruzolyl -1, 10-decanedione {119) may be reacted with diva-
lent transition metal ons, including Co(1l) to produce the pale brown [Co(1}L,]
compiex [211]. The process involved in the electrochemical preparation is shown in
{120}. Unlike the Cu{Il} and Ni(1l) complexes which required a stoichiometric
amount of the metal ion o be used in the final step, the Co(I1) complex needed 1.5
equivalent of the Co(ll} salt. Although there was no ESR signal found at room
temperature, when the complex was cocled to 4.2 K in chloroform, a large signal

(119)
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was recorded, which was strongly reminiscent of a high-spin Co{Il} complex. It is
suggested that the breadth of the signal and other features point to a distorted
octahedral environment arcund the Co.Cofll} complexes of furfurylidene-nicotin-
amide Schiff base [212] and with the Schiff base formed by condensation of
p-chloroanitine and 2-furfuraldehyde {213] have been prepared and charactenized.

Exhaustive
fCH 3}3 — 3=
coulometry

i,

i,

(120)

The arrangement around Co in the dimeric complex {Co{pxo}(CH,OH 1Cl,]; pxo
is 2-acetylpyridine l-oxide oxime (121} has been found from its X-ray crystal
structure to be six-coordinate NO,Cl, [214]. This environment arises from ene of
the pxe groups coordinating to the Co by N.O donation and the second bridging
through its M-oxide. The complex [Co(pxe}Cl,| was also prepared and it is inferred
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that there is an octahedral arrangement around Co but mvolving Cl bridging between
dimer molecules which themselves involve bridging N-oxide.

2-acetylpyridime 1-oxide oxime

(121

2.4, Complexes with sulfur donor figands

There are still not many references to Co{ll} complexes in which sulfur is the
only donor atem. Thus. in the 1991 contribution in this series [215] there were listed
only four references in this section and this vear there are still only six references
given. By passing dikydrogen over a melt consisting of a mixture of carbonate.
sulfur and cobalt. o number of compounds were prepared viz. K,Co,S.. RbyCo,S;
and CsyC0;5,[216]. The X-ray crystal structure of the potassium compound showed
that the basis for the structure was trigonal planar [CoS,] which contained both
Co(ll} and Co(lll). Examination of the other compounds with X-ray powder
diffraction indicated that they had the same busic structure. These complexes are
compared with the analogous Fe compounds and the magnetic behaviour were
compared. The crystal structure was also obtained for Co[{SPMe,),N .. containing
the tetramethyidithioimidodiphosphinato ligand bonded through two sulfur donors
[217]. It was found ihat the electronic spectra und the magnetic behaviour were
consistent with a tetrahedrul arrangement around the Co. The complex was found
to consist of discrete molecules of the compiex and that environment around the
Co was CoS, arranged in a distorted tetrahedral manner, A similar distribution of
S atoms around the Co was found in the complex (Mg N ),[Co¢SPh),] {2181, This
wis examined both by single crystul EPR and X-ray diffraction. The structure was
derived from the X-ray data: the €O S-PH units in this structure are virtually
planar.

The green Cotli) complex {{C,H 3N LICotSC,H,NH,},| has been synthesized
by reaction of sodium 2-aminobenzenethiotate with (C,H},NCland CoCl, in metha-
nol {219]. The X-ray crystal structure, {122), shows that the arrangement of the §
atoms around the Co is such as to produce approximately S, symmetry. Studies in
solution in CH;CN show that the changes in the UV-VIS absorption spectrum are
consistent with a tetrahedral-psecudo-octahedral equilibrium { Eq. (19)) of the species
[Co({SC HNH,),)*  and [Ca(SCH,NH,);1 ™ and this is borne out by the ‘H NMR
spectroscopic duta.

[CotSCHNHT A 2=[CotSCHNH, *)]” +[SCH,NHS 3 {19
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(122)

Tridentate Schiff-buse Cof{ll} complexes have been produced by reacting
[.2,3,5,6.7.8,8a-0octahydre-3-ox0-N- [ -diphenyl-5-( phenylmethylene }-2-naphthalene-
carboxamide with s-aminophenol, o-aminothiophenol or s-aminobenzoic acid (123)
and Ce(l1} 1220]). These complexes were found to be of the form
[Co{NX},]-#H;0O where X =phenolic oxygen, thiophenolic sulphur or carboxylic
oxygen and n=0 or 2. It is proposed that in the Co complex, the ligand behaves as
a monobasic didentate ligand (124).

Y =OH, SH or COOH

{123)
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“Ph

Y =0,S0rCOO
(124)

2.5 Complexes with sulfur oxygen donor figands

Again, this year, coordination compounds formed by Cot I} with ligands having
sulfur-oxygen donor ligands are comparatively rare. Deep blue crystals of bis{tri-
tert-butoxysilanethialato){acetonitrile)cobalt (11 J{+-C,H0)Si8 | Co,( NCCH,}  (125)
have been prepared by reacting anhydrous CoCl, with tri-zert-butoxysilanethicl and
triethylamine in solution in acetonitrile [221]. The X-ray crystal structure shows a
distorted trigonal bipyramidal arrangement {126} around the Co. One position is
occupied by the acetonitrile, which is bonded to the Co through N. The ligand
occupies the other positions bonding via two O atoms and two S atoms.

The kinctics of stereospecific deuteration rates of 2,2-thiodiacetate {tdu) in s-feic-
and u-fac-[Co{dicr)(tda}] "~ have been investigated using NMR spectroscopy [222].
The rates were determined al 70.2 C in D,0 over a range of pD values between
4.4 and 6.4, The rate constants were proportional to [OD7]. It was possible to
measure separately the rates of the outer and inner protons of both s-fue- and
u-fac-fCo(dien){tda}]”. The ratio of the pseudo first order ratc constants. &%, /&%,
for the s-fac complex was determined to be about 7. For the corresponding u-fuc
complex. the ratio &Y, &% was about 1.3,

The crystalline, brown mixed polvmeric cobalt compound
[CodSCH,CH,8):{ PEt;)3):] Co,Cly( 1-O,8Et,);] hus been prepared and its X-ray
crystal strueture determined. Structures ¢ 127) and { 128) show the cation and anion,
and structure {129} illustrates more clearly details of the core of one cation [223].
The structure is unusual in that in fact 1t contains two very similar trimeric cationic
species which each contain a trangle of Co atoms and a dimeric anion in which the
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(126)

two Co atoms are bridged via the oxygen atoms of the diethylsulfone ligand. The
arrangement of the donor atoms arcund the § may broadly be described as a
distorted tetrahedron.

2.6. Complexes with sulfur—nitrogen donor lgands
A series of complexes of ligands which are based on Schiff bases of 4-benzoyl-

3-methyl-1-phenyl-2-pyrazoline-5-thione and various diamines have been prepared
[224] and the structure of the Co(Il} complex 1s shown in {130}.
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{127}

The sulfur-containing macrocycles 1.4.7,11.14,17-hexathiacycloeicosane (L1).
1,4,7-trithiecan-9-ol {L2), 1.[1-dioxa-4,8,14,18-tetrathiacycloeicosane (L3}, l-oxa-
4 8-dithiacyclodecane {L4) (131} have been made and the following Co(ll) com-
plexes of these ligands have been prepared: [Co(L1}][ClO],, {Co{L2),][CIO,]; and
[Co(L3[CIO; 1225]). The X-ray crystal structure of [Co(L3}][ClO,], has been
determined. This structure shows no Jahn-Teller distortion; the magnetic moment
of 4.37 BM, the electrochemistry and the absence of an ESR signal at 77 K all
indicate that the L3 complex is high-spin. The LI complex appears to be low spin
and the L2 has a magpetic moment appropriate for neither a low- or high-spin
species.

The complex anion [Co{mnt),}? . in which mnt*" is ¢is-1.2-
dicyano-1.2-ethenedithiolate (132) forms 1on pair charge transfer complexes of the
type {A?"[Co{mnt),]* } and where A?” is a bipyridinium derivative [226]. These
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H
k] 1 \ g/Co\S / ! CH;
(130)

species are detected by way of a charge transfer band between 590 and 950 nm,
The X-ray ecrystal structure has been determined for one such complex, viz.
{BQ*'  [Co{mnt),]* "}, where BQ** is 6.7.8.9-tetrahydrodipyrido]1,2-a:2,1-
¢l l.4]diazocinium. This shows that the structure contains an arrangement which
has a strongly twisted acceptor and a planar donor which do not form into mixed
stacks and the authors point out that this is different from systems in which there
is a less twisted arrangement. The electrical conductivities of compressed discs of
these compounds were measured and found to be in the range 107'° to
1077 Q7 'em ! without there being a simpie relationship between the conductivity
and the driving force for the clectron transfer process between the two components
of the ion pair. might have been expected.

A tetrahedral arrangement around the cobalt{[]) has been suggested in the com-
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plexes CoL,X, nH, 0. where L =N-acylurea or N-acylthiourea, X =Cl and n=6
[227]. from magnetic and speciral measurements. The compound
8.11-bis{ 2-pyridylmethyl }5,6,7,8.8,10.16.17-octahydrodibenzo [e.m]f 1.4 )dithia[ 8,11 ]-
digzacyclotetradecine {133} forms an air-stable complex with brown prismatic crys-
tals, {CoL)**, when reacted with Co{ClQ,),- 6H,0 in solution in ethanol [228].
The analytical possibilities of Z-acetylpyridine-4-phenyl-3-thiesermicarbazone
{APPT) as complexing reagent for cobalt have been explored [229]. The technique
tends itself to the analysis of Co and other first row transition metat ions in
pharmaceutical preparations. The solution of the complex when formed is injected
onto an HPLC reversed-phase C-18 column and eluted isocratically using a solution
of sodium acetate and tetrabutyl ammonium bromide. The solvent extraction step
involved in many complexomeiric/spectrophotometric determinations of transition
metals has been eliminated by the use of diethvidithiocarbamate {DIDTC) in the
presence of aqueous sodium and ammonium dodecylsulfate to provide un anionic
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8,11-bis{2-pyridylmethy!}5,6,7,8,9,10,16,17-octahydro-
dibenzofe,m]{1.4]dithia[8.]11]diazacyclotetradecine

(133)

micellar medium [238]. The technique has been successfully used in the analysis of
cobalt{ I}, Complexes of isopropylmethylketone or isobutylmethylketone semicar-
hazones and thiosemicurbazones with Co(11) have been prepared and characterized
[231]. These compounds were of the form [Co{L),]X, or [Cof{L};}SO,. where
X7 =CI7,Br . NCS  or CH;COO".

The equilibria involved in the formation of Co{1I} mixed ligand complexes involv-
ing the ligands ampicillin (2-d-{--)aminobenzyipenicillin. ampH{+) and nucleic acid
bases, such as; adenine., guanine. thymine. uracil. and cytosine [232]. Stability
constants were measured at the biological temperature of 37 “C for the complexes
involving each of the bases and the order of these was guanmes
adenine > uracil > thymine > ¢ytosine,  The stability constants have also been
determined the Co{Il) complex (and other transition metal ion complexes) of 2-
methyl-indole-3-carboxaldehyde 4-phenyl-3-thiosemicarbazone at various temper-
atures in 60% (v/v) aqueous dmf, allowing various thermodynamic parameters to
be determined [233].

The condensation of 2-aminothiazole and its derivatives with vie-hydroxyalde-
hydes has been shown 1o produce Schiff bascs which react with Co(11) salis form
complexes of the type [Col,f [234]. These compiexes show the possibility of coordi-
nation with the Co through N and S

2.7, Complexes with sulfur nirrogen-oxvgen donor ligands

Cobalt(II} complexes of a number of N.S.O donor ligands have been studied
[235]. The igands were N, N'-bis{ b-carboxy-methy] ydithioxamide {GLYDTO ), N N'-
bis(l-carboxyethyl }dithioxamide { ALADTO). N. N -bis(i-carboxy-2-methylpropyl}
dithiocxamide (VALDTO} and N N-bis{] -carboxy-3-methyibutyl jdithioxamide
(LELUDTO} (134), in parenthesis are the awhors’ abbreviations. The complexes
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produced were [Col{ L-4H )} H,0),;), when L=GLYDTO, ALADTO. VALDTO or
LEUDTQ and [Co,(L-4H }{ H,0),], when L=ALADTO or VALDTO. In all cases.
the magnetic and spectroscopic data pointed to each of the complexes having a
distorted octahedral arrangement around the Co and the bonding was through the
oxygen of the carboxylate. the niirogen of the deprotonated thioamide and the
sulfur atom of the thiocarbonyl group (1358).

R =H, Me, Pr-i, sec-Bu

(134)

(135)

The dinuclear compound [Co,(bdnol }{ NCS},]. where bdnol is the pentadentate
ligand 1.9-bis(3,5-dimethyl-l-pyrazoyl }-3.7-dithia-5-nonancl {136) has been found
to have a roughly trigonal bipyramidal arrangement around the Co as is shewn in
structure (137) [236]. It has also been found that the thio ether sulfur and the
bedging anion, which are to be found in the apical position, leaving the trigonal
plane to be formed by the pyrazoyl N.

~ 7 ~
N-—N s s N—N
e

Hbdnol

(136}
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(137)

2.8. Camplexes with phosphorus donor figands

Cobalt and nickel have been separated by the use of phenylphosphonic acid mono-
4-tert-octylphenyl ester using liquid surfactant membranes [237]. The kinetics of the
extraction of these metals as u function of the surfactant were studied together with
the extraction equilibrium.

When the  cation{{pp:}Co{solvent)] where pp; = tris{ 2-diphenyl-
phosphincethyl }phosphine, 1s generated in situ in the presence of pyridine or 4.4'-
bipyridine it has been found to produce the new complexes [{pp;}Co(pyYY, and
([t pps)M Lol p-bpy)] Y. where Y=BF, or ClO, [238]. The structure is belicved
to  nvolve the metal in low-spin  five-coordination. The tripod ligand
(CH,,CH{CH,},C{CH,PPh,}; has been prepared from diethylmalonate (138)
[239].  The X-ray crystal structure  of the complex. [(CH,},CH-
{CH,),C{CH,PPh,};Co} G(OCCH,} {{ BPh,) has been determined and the cation is
shown in {139), with the core more casily seen in (140},

The reaction of the compound (CH,C(CH,P{Ph),};} (triphos) with
Cof [T ag){ BF,}, followed by reaction with aminoucids lcads to the complexes
{[triphosCoNH,CH{R }COO| ". where R =H: Gly, R =Me; 1.-Al4, D-Ala, R =iso-
propyl; L-Val, R =N-propyl: 1.-Pro. R =phenyl: n-phenylglycine. R =benzyl; 1.-Phe
[240]. When the ligand PhCH,C(CH,P{Ph},); was treated in the same way with L-
alanine the product was | PhCH,C(CH,P{Ph),},Co(L-ala)] . The X-ray crystal struc-
tures of these complexes demonstrated the five-coordinate arrangement around
the Co{ll}.

Dark viclet ¢rystals of the complex [Co(Ph,CH,}CMel(0-S,C H,J[PF.], | here.
s =1 for the Co(Ill } complex and # =90 for the Co(11 ) complex] have been prepared
[241]. The X-ray crystal structure was determined for the Co{ll} complex and

34
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(1403

clectrochemistry carried out on the Co complexes. The structure is shown in {141},
with diagram (142) illustrating more clearly the environment arcund the cobalt
centre.

(141)

Reaction of benzylbis(2-ethoxyethyl)phosphine {L) with CoCl, and AgCF,S0,
leads to the formation of [CoCl,L;] and CoL{O;SCF,),] 1242]. In the former it
was found that the ligand was monodentate through P and in the latter didentate
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(142)

through P and O. Studies ot the NMR spectra led the authors to suggest that
reactions such as that in {143} take place.

3+
0,5CF; P 0 |

0L | P . |/O |/
( Cjo“‘o> —= RO ci—osC,

P~ 6]
O45CFy w

7N = P{CHyPhXCHoCHyOE)Yy
0

P

(143)

2.9 Complexes with halide and psevdohalide donor ligands

The electronic structure of the ion. [CoCl,]*” has been examined by a varicty of
physical techniques such as visible spectroscopy, X-ray photoelectron spectroscopy
( XPS}) and electron energy loss spectroscopy { EELS) [243]. This ion has also been
studied by Feist and coworkers {244]. They obtained the X-ray crystal siructure of
| 4-dimethylpiperuzimum tetrachiorocobaltate{ 11}, {dmpipzH)[CoCl,]. which was
found to erystullize in the monochinic space group P2, /m with ¢ =6.133. A= 14.306.
c=6.902 A f=90.54 and Z=2.C-H - - -Cl bonding is invoked in order 1o explain
discrepancies in some of the non-bonding distances. The X-ray crystal structure of
hexakis{ietrahydrofuran}cobalt tctrahydrofurantriiodocobalt tetrahydrofuran sol-
vite has been determined {245].

Formation constants, ¢nthalpies and entropics of the sothiocyanato complexes
[Co(NCS)L]® ™ tand the corresponding Mn (1} and Zn(I1} complexes) have been
determined in N N-dimethylacetanmde (DMA) [246]. The formation of the com-
plexes is enhanced m DMA relative 10 dmf. There is evidence that the structure
around the Colll} chunges from octahedral to tetrahedral occurred carlier in the
reaction sequence in DMA than in dmf, possibly attributable to the more sterically
hindered DMA molecules. When pentakis{arylisocyamde)cobalt(11) perchlorate,
[Co{CNCH Me-0)(C10,),] is reacted with triphenylarsine. AsPh, and triphenylstib-



M B Duvies [ Covrdimation Chemistry Reviews 169 1 j998) 237- 36! 135

ine, SbPh, in CH,Cl,, the product is found to be {Co(CNC H Me-0),(C10,),] [247].
The formation of such compounds via this type of route appears to be affected by
steric hindrance since the complex [Co{CNPh)J(CIO,),; - H,O does not undergo an
analogous reaction and ease of reaction involving related substituents increases with
increasing steric hindrance.

Cobali{11} salts have been found to recact with N{CN); or C{CN}; and imidazole
or its Me derivatives, 2-meiz und 4-meiz te produce a large number of complexes.
among which were x and fi 1someric pairs of [Co{C{CNh}.{2-meiz);] and
[Co{C(CN Y3} {4-merz),] [248]. The X-ray crystal structure of 2[Co{C-
{CN )3} ,(2-meiz},], {144}, showed that the C(CN} anions formed chains by bridging
with Co atoms. The geometry around the Co was almost octahedral and coordination
was through two N atoms of the 2-meiz and four N atoms from the C{CN);.

{144)

There has been a study of the effects of the nature of cations on the thermoechromic
behaviour of cobalt{I1} hexacyanoferrate{11L.11} films [249}. which 15 ohve-brown
in the presence of hydrated K* or Cs~ ions. However, when the larger hydrated
cations, Na™ and Li~, are used. the colour changes 10 green. In the absence of
counter-ions the colour is deep green.

3. Reactions of cobalt complexes involving dioxygen

As 1nt previous years, there continues to be great interest in the uptake of dioxygen
by cobalt complexes. frequently as models for biological systems and with a wide
varicty of different structures and ligands.
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When either of the species [CH,Co(DH ),py]. or [C,HCo{DH },py]. where DH
is dimethylglyoxime are subject to flash photolysis in the presence of dioxygen, a
series of reactions with the latter occur [250]. The first step involves the formation
of the mononuclear superoxo Co{lll} complex. Further steps are the formation of
the g-supercxo Co{lll } complex from this species by reaction with the alkyl cobala-
mine. by reaction with the photo-produced cobalamine {I11) and by direct conversion.

Measurement of the kinetics of the reaction show that the fastest process is the
reaction with the phote-produced cobalamin.

By bonding modifications of [meso-a.2,3,0-tetrakis(o-pivalamidophenyl ) porphyri-
natojeobalt (145} to polymer membranes 1t has been possible to change the perme-
ability of the membranes to dioxygen [251]. The variation of the permeability was
found to be related to the size of the cavity in the porphyrin. The larger the cavity
the better the permeability. There exists a relationship between the dioxygen binding
on the porphyrin and the diffusion constant of dioxygen.

{145)

It is now possible to compare the effectiveness of homogeneous catalysis
of dioxygen reduction by [3,10,15,20-tetrakis{{ pentaammineruthenino{ 1 ))-
4-pyridyl ) porphyrinatolcobalt{ 11} and graphite ¢lectrode surfaces because the com-
plex has now been prepared in solution {252]. On the graphite surface the complex
catalyses a four-clectron reduction of the O,, whereas in solution, only a two-
electron process was observed. The kinetics of both processes have been studied and
the reactions proposed in interpreting the kinetic data are shown in (1463, It is
shown that the intramolecular electron transfer in solution from the Ru centres to
0, 1s slow. Catalysis of the electrochemical reduction of G, has been demonstrated
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by a cobalt porphyrins which contain three Ru{NH,}" groups coordinated to
pendant eyanophenyl ligands on the porphyrin ring (147) which have been prepared
[253]. The 3-cyanophenyl complex was adsorbed onto graphite electrodes and placed
in contact with a solution of {Ru(NH;)}H,01*" to produce the Ru specics shown
in (147). This elecirode was then used to catalyse the reduction of O; to H,0.. On
the other hand, the corresponding 4-cyanophenyl compound is shown to catalyse
the reduction of O; to all the way to H,O. Ht is concluded that an important feature
of the ability of these species 1o carry out a two or a four-electron reduction lies m
the back-bonding interactions between the Ru(Il) and the porphyrin ring.

CoP + Oy sm=mit CoP(y

CoPQ, + Ru(ll) ~—— CoPO2~ + Rudll)

CoPOy- + Ru(ID) 2—“;—» CoP + HyOy + Rufll)

Where CoP & [CoP(pyH)y]4*. At the sane tire, the urcatalyzed reduction occurs:
Ru() + O3 — Ru(II) + Oy

Ru(@) + Oy —Eie R + HHO
R 02

[02CoP(PYRUID(NHg)5)418-
— [027CoP(pyRa()(NH3)s)pyRu(lIXNH3)s18*

[02"CoP(pyRu(I)(NH3)5)1pyRu(lI)(NHz)5 18+
fas
— o [CoP(pyRU(I(NH3)5)pyRu(II)(NH3)s]%*
Ht
+ H;O»

(146)

A new group of heterodinuclear cotaciul biphenylene- or anthracene-bridged
bisporphyrins of the form {DP)CoM{X). has been prepared, where DP* s
the anion of 1.8-bis[5-(2.8,13.17-tetraethyl-3.7.12,18-tetramethylporphyrinyl }] bi-
phenylene {DPB*"). or 1.8-bis{5-(2.8,13.17-tetraethyl-3,7.12.18-tetramethylpor-
phyriny)janthracene { DPA® } (148}, and in which X is O, QAc, CL acac, or OH
which are coordinated to one of the metal centres Ti. Ga. [n, Lu, or Sc [254]. The
structure is such that each of the porphyrin rings lie tace-to-face and are joined by
a rigid aromatic spacer. Each porphyrin ring contains a metal and may conlain the
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2

(148)

same metal or there may be a different metal in one ring from the other. When there
18 4 Co(ll) ion in one ring, the metal in the other ring was carefully chosen have a
high Lewis acidity. The method of preparation of some of these compounds 1s of
particalar interest and the scheme in {149} shows how this is achieved. The ESR
spectra of the complexes which contained dioxygen were different from those of the
starting materials and mdicated that the species were superoxido. However, the DPB
species did not show any evidence of dioxygen in the cavity between the porphyrin
moleties. The electrochemical study of complexes { DP)CoLu{ X } and { DP)CoS8c{ X )
in particular showed that good catalytic behaviour did not necessarily require two
Co centres for four-electron reduction of O, since such activity remains when the
second Co 1s swapped by a cation which is u strong Lewis acid. It is worth noting
that this appears to be the time that it has been demonstrated that a heterodimetailic
complex of the type described in this work in acid solution is capable of performing
a four-electron reduction of dioxygen. The authors also draw attention 1o the fact
that it appears thal the two-glectron and four-clectron pathways operate together
in that H;0O; is 1o be found in the reaction mixture when dioxygen is reduced at
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different reaction times for each of the catalysing complexes. The formation of both
monenuclear superoxo and a g-peroxo complex complicated previous studies of the
involvement of diosygen in redox reactions of (cyclam}Ceo(1l) complexes [255].
[n order to avoid this complication a rmore sterically crowded hgand,
C-meso-5,7,7,12,14,14-hexamethyl- 1,4.8,11-tetraazacyclotetradecane {hmc), has
been used [256]. The cataiytic cycle for the reduction of dioxygen involving the Co
complex of (hmc) has as an intermediate the metastable species (hmc} CoOO?".
This complex is a strong oxidizing agent which is rapidly reduced to the species
(hme)CoOOH?™ at the potential where (hme)Co®* is reduced to (hme)Co?”. ic.
at 0.38 V versus NHE. This latter species ( hme YCoOQH?* is invelved in the electro-
reduction of O, to H.O, when, at 0.07 V, it is reduced in an irreversibie reaction
to H;0; and (hme)Co?*.

The  macrobicyclic  ligand  1.4,9.12.19,20,25,30-octaazabicyclo( 10.10.10}-
dotriacontane, C4BISTREN has been synthesized and the synthetic methods for the
compounds 7,9,30-trioxa-1,4,10.13,16.22.-27,33-octaazabicvclo( 11.11. 11 }pentatria-
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contane, OBISTREN and 1,13-dioxz-4,7,10,16,19,22-hexaazacyclotetracosane,
OBISDIIEN have been described and those for the ligands [7.9,30-
trioxa-1,4,10,13,16.22.-27 33-octaazabicyclo(1 1.11. 1 1 ypentatriacontane, OBISTREN
and 1,13-dioxa-4.7,10,16,19.22-hexaazacyclotetracosane, OBISDIEN] have been
improved {150} [257]. The Co{11) complexes of all these ligands take up dioxygen.
Rates of uptake of dioxygen were measured. of the two complexes C4BISTREN,
and C4BISDIEN, the former was found to absorb dioxygen more slowly than the
latter. A similar situation ebtained for OBISTREN and OBISDIEN. The most
stable dioxygen species formed from amongst those studied were those of the
binuclear Co(1l) complexes of the ligands OBISTREN and OBISDIEN. The authors
suggest that a crucial role in the formation of stable dioxygen complexes by
OBISTREN und OBISDIEN is the presence of flexible ether bridging groups.

f\f\ /\\/\\ //\f\/\\

OBISTREN OBISDIEN

AT T omenaam S

C4BISTREN C4BISDIEN

N/\ S /\NH/\ /\NH 0/\NH/\

(150)

Cyclidene Co(ll) complexes having an organic superstructure {151} have been
studied as part of the catalytic cycle for the oxidation of various phenols using
dioxygen [258]. The effect of the variation of the superstructure is to change the
cavity available in the complex. When the catalyst is [Co(MeVD)F ", where MeVD
is the complex (i} in the scheme with R, =durene and R,=Me, then the products
of the exidation for each of the phenols are as shown in {152). As far as the phenols
are concerned. the electron-releasing properties and positions of the ring substituents
are cited as a factor in affecting their reactivity. Among the factors affecting the
nature and composition of the products are the structures and diexygen binding
behaviour. A mechanism is proposed for the oxygenation of rerz-butylphenol by the
cobalt cyclidene dioxygen complexes is shown in {153). The Kinetics of the oxidation
reactions have been investigated and used alongside molecular modelling technigues
to re-examine the mechanism of the reaction and it 1s suggested that there is electron
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transfer for the formation of the intermediate phenoxy radical, A cructal factor in
the control of catalytic activity was found to be the stability of the complexes.

i1

Ly

Y x
el
; !
Vaulted cyclidene complex Unbridged cyclidene

) {ii}

Lacunar cyclidene comple

(i)

(151)

The nature of the Schiff-base complex used as the catalyst for the oxidation of p-
substituted phenolics to the corresponding benzoquinone by dioxygen is a key factor
in determining the nature of the preducts of the reaction [259]. The catalysts
investigated were either five- or four-coordinate. In the case of the former, such
as  {pyridine}bis(salicylidene)ethylenediamine)cobalt{Il) [ py)}Co{salen)] and
[ bisl{salicylideneamino}ethyi Jaminejcobalt( 11} [Co{N-Me salpr)] (154}, when the
starting material is syringyl alcohol (3,5-dimethoxy-4-hydroxybenzyl alcohol),
the product 1s 2,6-dimethoxybenzoquinone {155). The mechanism proposed for
these reactions is shown in (I56). The latter on the other hand
produced. 2.6-dimethoxybenzoquinone from syringaldehyde (3,5-dimethoxy-
4-hydroxybenzaldehyde). a reaction which does not occur at all with the five-
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OH o
{UH )L G N CiCiL ), CH,,C
L}
/
3]
CH 4 &
!
—_—
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Wi 0 CCH, ], iCH,), CICH,), 1CH,),C ),
0
on 5]
CHl, OCH, CH, OCH,
—_—
o
Ot
CH, CH,
el
{152)

coordinated catalyst. These five-coordinate catalysts have also been used to convert
p-substituted phenols to quinones.

Carbon electrodes modified by the addition of the Schiff-base Co{Il} complex,
Co{11},3,3', 4 4 tetra(salicyidene imino}-1,1-bipheny! tetrahydrate (157) have been
used in electrochemical dioxygen reduction processes in aqueous solution [260]. The
modified carbon electrodes were either of the carbon-paste type or glassy carbon.
Dioxygen reduction at these [Co(Il },{ DSP)] - 4H ;O-modified carbon electrodes was
found to be almost reversible in alkaline solution and the apparent number of
electrons transferred to be about one. An exchange rate constant was determined
to be about 0.04 cm s~ !. The rate determining siep for the catalysis was the first
electron transfer and an important feature of the process was found to be the
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o
o
O
H OOCO{ITL
0
o I DTBQ
Autcoxdation
..
\ LCo{IINOH
o0y
Oy LCo(Il)
HO,
OH
O
HyO + 1Co{IN)
DTBP
DTBP
(153

reversible uptake of dioxygen to form the adduct [Co{111)(disalophen) - 2Q,] . The
suggested mechanism for the reduction of dioxygen is shown in Eq. (20).

Cofll}, —DSP+20,2Cofl11l), ~ DSP +20,; * Fast {20}
Co(Ill}; —DSP +20; " +2¢—Co(ll'}, —DSP +20; * Rate determining

A novel binuclear cobalt dioxygen complex has been investigated in connection
with dioxygen activation [261]. The ligand involved in these complexes was
hydrotris{ 3-tert-butyl-5-methylpyrazoyl yborate, Tp” (158}). When a solution of
[Tp"Co{(y)] in CD,Cl, is cooled down to around 220 K it was found that a dark-
green paramagnetic species was produced. which turned out to be the dimer
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Me
N
_N\ /N._
O/ \0

I
/ 7\
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]

« N
o/ 0
[Co{N-Mesalpr)] [(py)Cofsalen}]
(154)
CH,0H O
OpfCo catalyst
—_—
MeCH
Mely OMe ey OMe
OH 0
{155}

[ Tp"Co(0,)},]. which is produced by Eq. (21}
2[TpCotO),]=[{Tp'Co(O1;: },]- 2n

Crystallization of a similar green solution from acetonitrile vyielded
[(Tp"Co{O;}},.2CH,CN] and the X-ray crystal structure of this complex was deter-
mined. In this the Co is bonded to three nitrogens of the Tp” ligand and there are
two dioxygen bridges between the Co atoms, producing a six-membered chair
arrangement There 15 & roughly square pyramidal environment around each Co
atom. From the variation of the equilibrium constant for the reaction shown in
Eq. (21}, values of AH=—60.1 kJ mol "' and AS=251J K ! mol ~! were cbtained.

Reaction of the ligand N N'-bis-2-(2-pyridvl} ethyl }-2.6-pyridinedicarboxamide
{159). a podand with Co{QAC); results in a very efficient catalyst for the reaction
of phenols with molecular oxygen to produce o- or p-quinones [262).

4. Cobait(I} complexes

There has been a review of the synthesis of chiral pyridines by Co(I }-catalysed
cocyciotrimerization of acetylene with chiral cano compounds [263].



M B Davies : Coordination Chemisiry Reviews 18% [ 1998, 237- 361 345

CH,OH CH,OH CH,OH W

Mey OMe OMe

5
g
&I
N
£
i
T
£
g I
4
3
o :

Ot o'

/H(/X
G

O
™0
R + XOH + CHzO eic
Me( OMe Me(¥ OMe
O Q
Where X - Coly or.
(156)
8] CH HC G
)
O—\Co— N’Z* \N— GO{"‘O
N /
[Co((DSP))
{157}
TP+TEA +/m—TP +TEA (22)

TP~ +CofIl}L*” TP~ Co{I)L"*
CotlhiL " + CO, 2Co{ HL{CO,) ™
Co(1)L(CO,)" +Sa[S$—CofII1}L —{COI~)|*

Various cobalt macrocycles act as mediators to electron transfer processes in the
photoreduction of CO, when p-terphenyl is a photosensitizer and a tertiary amine
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N,N'-bis-2-(2-pyridy}) ethyl}- 2,6-pyridinedicarboxamide

y—

{159}

{rc, Tt AN
P )
w\ 4\»\ k/k

DMD

(160}

behaves as a sacrificial electron donor in an acctonitrile/methanol mixwre [264).
Photolysis (both flash and continuous) has been used in the study of the kinetics of
the above reactions and mechanism has been deduced {Eq. {223}, TP =p-terphenyt,
TEA =triethylamine, L=0OMD, HMD or DMD (160}. From the flash photolysis,
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the spectra obtained show, in the catalytic system, the formation of first the
p-erphenyl radical anion. then the complex [Co{l}L}i", followed by the
[CotI}L(CO,)]* complex. and the [S-CotIIIL(COZ™ )" complex, in these, L is
5,7,7.12,14,14-hexamethyl- 1 4.8,1 [ -tetrzazacyclotetradeca-4.[ 1 -diene  {HMD) and

o] 8}
@/L @“\ /CH'J
H, NH
NA
4]

NMNA
_AH.OH O\
Or - O
M [l
NHMNA 2-PA II\
.31
\N/C)“

O ©

N
3-PA 4-PA
j\ UCHZOH
in Cit, O N
2-HMPY con  3-HMPY
N
4-HMVPY

(161}
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S-=solvent. The rate of the clectron-transfer in the reaction of p-terphenyl radical
anion with [Co(IT)L]*" is probabiy diffusion controlled. The formation of the
complex between CO, to [Co(1)L]" has a rate constant of 1.7 x 10¥ M ~'s™! and
an equilibrium constani 1.1 x 10* M ~!'. The system was also studied when L is a
different ligand und also the complexes Co({11}DMD?" or Co{I1)OMD?*  The
complex wus prepared from the corresponding [Co({ 111 })DMDBr,jClO, by trradia-
tion at 313 nin. when it was converted to the Co{ll) species. One effect of these two
species was to decrease the lifetime of TP ~. A difference between these two was
that the life time of Co{HIDNM ' was [6 ps against 5.8 h for Co{1HDOMD ™ in the
absence of CO,. The rate constant for binding CO; by Cof{1)DMD ™ was 3.7 x 0%,
while that for Co{l}OMD™ was 1.1 x10°M 's<™! A series of mixed-ligand
cvanonitrosyl  complexes of cobalt{l) has been prepared by the reaction
of K[Col NOHUNLIHON-H,O0 with a4 number of heterocyclic bases viz,
nicolinamide, N-methylnicotinamide, N-hydroxymethylnicotinamide, pyridine-2-
aldoxime, pyndine-3-aldoxime, pyridine-4-aldoxime, 2-hydroxymethylpyridine,
3-hydroxymethyl-pyridine and 4-hydroxymethyipyridine, Eq. {23) and (161} {263].
The complexes formed have the formula: K fCo(NOCN }( LY H,O. [tis proposed
that the envirenment around the Cofl} is a tetragonally distorted octahedron with
the heterocyclic bases behaving as neutral monodentate ligands bonded to the Co{1}
by the ring nitrogen.

K [Cot NOHON L{H. O H.O + 1L KL [Cof NOHCN 1, LY .H,O {23
P i Pt Ph Ph
2400 C
. e
48h
Fh Ph ’h oh
Ph Fh

Fh h

(162)
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Reaction of ., with (ys-bicyclo[3.2.01hepta-1,3-dienyl }(y-tetraphenyleyelo-
butadiene)}cobalt(I) in o-dichlorobenzene resulted in black crystalline 111 adduct
and the 1:2 adduct (162). [266]. The X-ray crystal structure is shown in (163),
which, as one might expect. has a number of novel features. The redox behaviour
of the complex was investigated. The cyclic voltammogram shows three reduction

waves corresponding to Cay, Cho . and Ciy.

(163)

The well-known complex [Cotbpy};}° ™ has been investigated elecirochemically
and 1t has been found that the cathodic wave in  the process
[Co{bpy)]? " [Co{bpy)s] ™ shows catalytic character in the presence of hydrogen
tons {267]. The rate constant of the eguwivalent chemical reaction was found o be
22x 1M st

The complex [Co(CNR)(ClO,},) in which R=26-{Me,CH );C.H; has been
found to react with py. 3-Mepy and 4-Mepy (L} [268]. The result is the formation
of complexes of the form [CotCNR)L,] (CiO,),. Using a variety of physical tech-
niues, these complexes were shown to have tetragonal structures. When the above
reaction invelving pynidine was carried oul over an extended time. the product was
the Co(l) complex [Co(UNR }:JCIO,.

Oxidation pelymerization of the cobalt complex of 2.6-diacetvlpyridine mono(e-
thylenediamine) in MeCN using Pt electrodes resulted in u stable film which produced
peaks due to the Co{l[ )/ Co{l) redox couple [269].

The X-ray crystal structure of the complex 41.2.3-4:1.2°3-n-4.4-bis[{4-
methylphenyl )phenylmethylidene]-5,5-dthydro  fulvalene}-hexakis{trimethyiphos-
phineldicobalt{i) {164} has been determined [2701.

5. Cobalt{IV ) complexes

Cobalt{]V) is a very rare oxidation state for cobalt and it 15 unusual to find any
papers in any given year that cven mention it. A Co(lV } species has been proposed
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(164)

as an intermediate in reactions of tris{acetylacetonato)cobalt{ i1} m solution in
trifluoroacetic acid (TFA) [271]. During the course of these reactions a range of
free radical complexes were detected and characterized. At room temperature in an
inert atmosphere there is a reaction in the presence of TFA which s that shown in
{165) in which the green colour of the starting material changes to a red brown
colour. The description of the radicals involved m the process can be as fi-ketoenolyl
cobalt{ 111} complexes or alternatively as cationic cobalt{IV } fi-ketoenolates depend-
ing on the structure of the f-ketocnolate ligand. The process which gives rise to the
formation of cationic cobalt(I11} complexes is facilitated by the ready protonation
of the tris{acetylacctlonatojcobalt (111} complex.

A series of  complexes of  the type (5,10,15-tri-X-phenyl-
2.3,7.8,12,13,17,18-octamethylcorrolato)cobalt{I11 } triphenylphosphine, {(OMTXPC}
Co(PPR{3)), where X was p-OCH,, p-CH,. p-Cl. m-Cl. m-F, 0-Cl, ¢-F, or H,
have  been  prepared  and  characterized mediz  using  clectrochemical,
spectroelectrochemical, and EPR techniques [272]. The redox potentials were deter-
mined and were found to be strongly influenced by the substituents on the phenyt
rings 1n the complex. There were four one-electron changes and the first one was
for the formation of Co{IV}. An interesting feature of these complexes is that the
o-C1 complex 18 found to exist i solution. for example in toluene. as different
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[¢) i 0]
|
OCOCF,

(165)

atropisomers. It was possible to determine activation parameters for the interconver-
sion using proton NMR spectroscopy. Values of between 20 and {93 M ! were
obtained for the formation constants between the five-coordinate corroles and py in
solution in benzene and the clectron donating ability of the substituent on the phenyl
rings was an important factor in determining the magnitude of these.

6. Reactions involving vitamin B,,

A modified method has been developed for the preparation of cyano-
8-epicobalamin {CN-8-epiCbl} (166). which results in a much higher yield [273].
The difference between this species and vitamin By, itself, being only a different
positioning of the starred propionamide side chain in relation to the corrin ring
{167}). The new method has allowed the preparation of sufficient quantities of this
complex 1o produce a crystal for an X.ray crystal structure. The structure is similar
to that of cyanocobalamin: however, there are some small but significant differences.
Thus, for example, the fold angle for the CN-8-epiCbl along the Co- - - CI{ axis
is 23.8° which 15 rather larger than that for CNCb! which is 17.7°. A complete 'H
and "*C and *N assignment of the NMR spectra has also been carried out and this
also highlights the divergence between the two species and are greatly affected
by the differences in the conformation of the corrin ring. Brown and coworkers
have  also  prepared  and  characterized  neopentylcobinamide  and
neopentyl-13-epicobinamide [274]. An effect ol the equilibrium between the base-on
and base-off species of these complexes is that both the 'H and the “C NMR
spectra are extremely broad. On the other hand. this work has shown that the two
complexes neopentyl cobinamide {(NpCbi*) and neopentyl-13-epicobinamide
{Np-13-epiChi " ). produce NMR spectra which are very sharp and well resolved.
From the NMR spectra. it is deduced that in NpCbhi~, the fold angle which the
authors define as the angle between the “northern™ and “southern™ planes of the
corrin ring, is less than that in AdoCbi~ and that in NpCbi* the foid angie is targer
than that in Np-13-epiChi " . Spectrophotometric kinetic studies have been carried
out on the thermoleysis of NpCbl analogues viz. c-monocarboxylate, and the ¢-N-
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NH,
. S : HN
0

NH,

NH,

(166)

methyl, ¢-N,N-dimethyl, and ¢-N-isopropy! derivatives in neutral aerobic aqueous
solution {275]. After making the appropriate corrections, the enthalpy of activation
was determined 1o be essentially constant (118.7 +4.6 kJ mol ~'). while the entropy
of activation was found to increase with mncreasing size of the ¢-COX group from
68.5 to 104 J K~ mol 7' It is concluded that this is caused by increased restriction
of ¢ side chain rotation in the ground state which 15 then partly relieved on the
formation of the transition state for the homoelysis of the Co - C bond. {t is proposed
that these results may be used to provide insight into the mechanism for enzyme
catalysis of thermolysis of §'-deoxyadenosyleobalamin (coenzyme B,,) where it may
be that the enzyme restricts the ground-state rotational freedom of the acetamide
side chains.

There has been a study of oligomethylene-bridged vitamin B,, dimers [276]. These
huve been prepared by. for cxample, reacting electrochemically genecrated
Co( [ ybaimamin with 8.5 equivalent of 1,4-dibromobutane in methanol, (o produce
red erystals of the dimer. The use of a large excess of the 1.4-dibromobutane resutted
i the formation of the monomer, which was also isolated. The formation of these
vanious species is diagrammatically illustrated in {168}, The structure of the dimer
deduced from speciroscopic observations was confirmed using an X-ray crystal
structure determination.

Care has to be taken to ensure that the salt used to maintain ionic strength in
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{167)

kinetics measurements does not imterfere with the reaction being studied. This is
illustrated in the paper on the reaction between HN; and N, and aquacobalamin
[277]. The reaction and related reactions had previously been studied by Marques
and coworkers using KC1 to mamntain the 1ome strength [278]. If we represent
aquacobalamin as Co {H,Q). then the reactions studied were those in delineated in
Eq. (24). When the kinetics of these reactions were measured with NaClOy rather
than KCI to maintain ionic strength it was found that &, at 678 dm® mol "'s ' was
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N

(168)

higher than that measured in KCl where the measured rate constant was
525dm* mol " 's !, and similarly &, 1s much higher in NaClO, than in KCl sclution.
The reason suggested for these differences is the intervention of the anation of the
aquacobalamin by C1 * 1ons. The processes mvolved n this are those shown in (169)
together with the rate equation which correspeonds to this mechanism. The effects
of variation of varicus parameters on the rate constants, particularly the eflfects of
pressure, allowing activation volumes to be determined, were studied. A significant
finding was that a reverse acid catalysed aquation reaction was an important feature
in determining the rate profile of these reactions.

Co—(H,0)* + N7 5 Co—N; + H, O ..(1} (24)

K.
Co—(H0)" + HN; === Co—HN + H0 ..(2)

Vitamin B,; is such an important molecule that it is crucial to have accurate data
about its structure. The most accurate X-ray structure of aquacobalamin to date
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Where X is the appropriate nuclecphik

(169)

355

has been published [279]. This allows the cbservation that steric interaction from
the very sheort Co- dimethylimidazele bond results in a fairly large “butterfly”
deformation in the corrin ring. The structure was also investigated in solution using
EXAFS and was found to be virtually identical to that in the crystal, with NMR
spectroscopic studies confirming that the axial position is occupied by a water
molecule, There arc. however, differences in the hydrogen bonding of the
C-acetamide chain indicated by NOE studies.
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